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EXECUTIVE SUMMARY

By any measurg, the Bristol Bay sockeye salmon fishery iz very large and valuable. 1t is the world's most
vatuable wild salmon fishery, and typically supplies almest half of the world’s wild sockeye salmon. In
2010, harvesting, orocessing, and retailing Bristol Bay salmon and the multiplier effacts of these activitias
created $1.5 hillion in oulpul or sales value acress the United Siates.

in 2010, Bristol Bay salmon fishermen harvested 29 million sockeye salmon worth $185 million in direct
harvest value alons. That represantad 31% of the total Alaska salmon harvast valus, and was greater
than the total value of fish harvests in 41 states. Salmon processing in Bristol Bay increased the valua by
$225 million, for a 1ol first wholesale value after processing of $380 million. The total value of Brisiol
Bay salmon product exports in 2010 was about $250 million, or about 8% of the total value of sl US.
seafcod exports,

in 2010, the Bristol Bay scckeye salmon fishery supported 12,000 fishing and processing jobs during the
surmnmer salmaon fishing season. Measuring these as yearround jobs, and adding jobs created in other
indusiries, the Bristol Bay salmon fishery created the eguivalent of almost 10,000 yearround Amaearican
icbs across the country, and brought Americans 8500 million in income. For svery dollar of direct output
value creatad in Bristol Bay fishing and processing, more than two additional dollars of gutput valus are
created in other industries, as payments from the Bristol Bay fishery ripple through the economy. Thase
yayments create almost three jobs for every direct job in Bristol Bay fishing and processing.

United States domestic consumgtion of Bristol Bay frozen sockeya salmoen products has been growing
over time as a resull of sustained and effective marketing by the industry, new product development and
other factors, This growth is likely to continua over time, which will rasult in even greatsr ouiput value
figures for the industry's economic impacts across the LS.

The economic importance of the Bristol Bay salmon industry extends far beyond Alaska, particularly to

the West Coast states of Washingion, Oregon and California.

Bristo! Bay fshing hoats

» About ons-third of Bristol Bay fishermen and two-thirds of
Bristol Ray processing workers live in West Coast states.

» Almost all major Bristol Bay processing companias ara
based in Seattle.

» Most of the supplies and sarvices used in fishing and
processing are purchased in Washington state.

» hignificant secondary processing of Bristol Bay salmon
products ooours in Washington and Oragon.

The economic importance of the Bristel Bay salmon industry
goss wel beyvond the value, jobs, and income craated by the
fishing and processing which happens in Bristol Bay, More
value, jobs and income are created in downstream indusiries as
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Bristol Bay salmon are shipped 1o other states, undarqo further processing, and are sold in stores and

restaurants across the United States. Sull more jobs, inocome and value are oreated in ¢ther industries
through mulftipfier impacts as Bristol Bay fishermean and processors and downstream industrias purchase

supplies and services, and as their employess spend their income.

12,000 seasonal jobs

{=2,000 annual jobs}

Overview of the Bristol Bay Salmon Industry

Bristel Bay is located in southwaestern Alaska. Fach year tens of A Bristol Bay selmon fisherman
millions of sockeye salmon return 1o spawn in the major river
systems which How into Bristol Bay. The large lakes of the Bristol
Bay ragion provide habitat for juvenile sockeys salmon during their
first yvaar of iife.

For well over & century, Bristol Bay salmon have supported a major
salmon fishing and processing industry. Most of the harvest coours
between mid-June and mid-duly., At the peak of the fishing season,
millions of salmon may ke harvested in a single day.

Only holders of limited entry permits {issued by Alaska's state
governmenti) and their crew ars allowsd to fish in Bristol Bay, There
are parrits for two kinds of fishing gear: drift gilinets {operated
from fishing boats) and set gitinets {operated from shorel. There are
approxirmnately 1,860 drift gillnet permits and approximately 1,000 set net permits. Drift gilinet
oermits average much higher catches and account for most of the total catch, About one-third of
the parmit holders are from Waest Coast states.

i 68 s : [ [ £ g Giin & ATe 61 Besid pi [
. Cxthar
Pormit . e

Alaska Washingion Chragon Dalifornia Biates & Fotad

Type .

Gountries
245 842 98 109 158 1.850
Set Gilinet B¢ 127 38 34 99 827
Total 1,474 789 128 143 255 2,377
| 2]
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For each parmit holder, who is usually a captain, there are typically two to thres additional crew
mermbears. About 7,000 fishermen fished in Bristol Bay in 2010,

The Bristol Bay salmon harvest s processad by avout 10 large processing companies and 20 smaller
companies employing about 5,000 processing workers at the peak of the season in both land-based and
floating orocessing operations. Muost of the workers are from other states and live in bunkhouse facilities
at the processing plants.

Bristol Bay salmon are processed into four major primary producis: frozen salmon, canned salmon,
fresh salmon, and salman roe. Frozen salmon includes both headed and gutted (H&G) salmon as well as
satmon fillets.
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About half of Bristol Bay frozen salmon is exported directly from Bristol Bay, primarily to Japsn and
China. Maost of the remaining frozen salmon is shipped 1o Washington state where much of it is
repackaged and/cr reprocessed inte secondary producis such as fillets, portions and smcked salmon.
Some of these products are exported while the rest are sold in the US domestic market,

Bristol Bay canned salmon is shipped 1o warehouses in Washingion and Oregon whers 1118 siored,
labelad, and sold by processors over the course of the vear, mostly 1o the United Kingdom and other
export markets.

The total value of Bristol Bay salmon product sexports in 2010 was about 282 millien, or about

£% of the total value of all U.8. seafood sxports.
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The value of Bristol Bay salmon increases at each stage in the distribution chain. Because a large share
is exportad, most of the increase in value in the United States occurs in Bristol Bay fishing and
processing. About one-fifth of the total increase in value ocours in later stages of the distribution chain.

Lontaingrs Tor shipping Bristol Bey salmon products
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cconomic Impacts of the Bristol Bay Salmon industyy

Feonomic impacts of the Bristol Bay salmaon industry are the jobs, incoma and output value created
by the fishery—or the jobs, incorme and output value that would not exist if the industry did not exist.
Economic smp:)acis include:

»  Direct sconomic impacts: Jobs, income and output valus in businesses directly involved in
harvesting, processing, gmd retailing Bristol Bay salmon.

» Multiplier economic impacts: Jobs, income and output value craéated in other industinies as
Bristol Bay fishermen, processors and downstream industries purchass suppliss and services,
and as their employees spend their income.

We estimated both direct and indirect economic impacts for three stages of the distribution or
value chain for Bristol Bay salmon in the United States:

» Fishing and primary processing in Bristol Bay
» Shipping 1o other states and secondary processing

» Distribution and ratailing (netionwide transportation, th}lesaiine& and retatling of Bristal Bay
salmon products in stores and restaurants throughout the United States)’

'The economic effects of distribution and retaling of Bristol Bay salmon are technically economic contributions
sxist stores would sell other products instead,

rather than economic impacts, because if Bristo! Bay salmon did not ¢

which would still create jo ncome and output value. Because no deta are available Tor Bristol Bay salmon retall
volumes and o i estimates of economic cont nbu ions for this stage are based on the sirmple assumption
that distribution md retailing increases the value of Bristol Bay salmon products by an average of 50%.
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We sstimated sconomic impacts for the United States as well as for Alaska, Washington, Oregen and
California in 2010, To estimate sconomic impacts, we usaed IMPLAN input-output modsling software
which tracks the ripple effects of paymenis between industries at both the national level as well as
within individual states,

Our economic impact gstimates de not account for the fact that Bristel Bay salmon fishing and
processing helps 1o cover a significant share ¢of the fixed costs of many Alaska and Pacific Northwaest
fishermean and processors, or for the sconomic benefits of Bristel Bay salmon exports in helping 1o offset
the large United States seafood trade deticit. Thus our estimates of the economic importance of the
Brisiol Bay seafood industry are conservative,

in 2010, almest 12,000 people worked in the Bristol Bay salmon industry during the fishing season,
which ocours primarily in June and July. Of thase, about 4,400 were Alaska residents, while most of the
others were residents of Weast Coast states.

To compars Bristol Bay
sasasonal jobs lasting about
we menths with other vear-
round emgloyment impacts,
we convertaed them to annual
average emgployment by
dividing seasonal employment
by six. Expressed as annual
average employment, in 2010,
almost 10,000 American jobs
were created in harvesting,
processing, and retailing Bristol
Bay salmon and through the
multiplier effects of these
activities.

I 2010, Americans sarnad
$B00 million from harvesting,
processing, and retailing Bristol

Bay salmon and the multiplier
affects of these activities.

BaSON O & Gl ; 3 % & AE O BoSin pi 311

" . . Chther
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Fighing 7,038 3,734 1,948 362 345 BAG

Provessing 4. 885 835 1,279 1,781 208 a83
Totat 11,921 4,389 3,227 2,142 BE2 1,629
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i 2010, $1.8 billien
in output value was
created in the United
States in harvasting,
Rrocessing, and
retailing Bristol Bay
salmon and the
multiplier effects of
these activities.
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The tables below oa’ovide
IMoacts ocowr in Was

and two-thirds of an‘{oi Eéav procassing workers bve in West

additional details of ou

F sconomic impact astimates. A
Coast states—reflecting the fact that about one-third of Bristol Bay fishermen
Coast states; almaost all major Bristol

large share of the

Bay processing companias are based in Seattls; most of the supplies and services used in fishing and
procesqanu are puachmpo from Washingion; and significant secondary processing of Eme‘{oi Hay salmon
in Washington and Oregon,

Srocducts OCours |

. , o . . Other
impact Driver Tedal US Al W R LA o
Stales
Fishing and primary Direct impacts” 728 53g 92 357 271
processing i Multiplier impacts 1,338 2,237 163 245 1,865
Bristol Bay Total imgascts FER 2055 2795 255 e 208
Shinning to other Direct impacts 191 166 15
states Multiplier impacts 563 229 24
ary processing Total impacts Fh4
Total inpacts %502
_ . Direct contributions 787
Mationwide ;
dli;’ii’lbtlmi)ﬂ and 4725 [’\:‘JKTJ of ‘h(\} ave aqd r\r()(\(\ni’]qg in
retailing™* e d by dividing s ﬁm,lov
Tetal contributions AR snservative .
Total impacts & contributions % 8604 nl,u ion and retailing increases value by B0%

. , o . Other
impact Driver Tedal US Al W R LA o
Stales
Fishing and primary 1S 144 50 48 8 19 18
processing i Multiplier impacts 268 32 98 7 12 30
Bristol Bay Total impacts 412 112 145 15 31 108
Direct impacts 13 i
Multiptier impacts 30 12
ary processing Total impacts 43 23
Total inpacts 455 158 17
. . Direct contributions 23
Nationwide Multiplier N n of sstimates shown for
distrin en and comtibutions 20 g Jur'[ fOi technical explanation.
retating™ - — ¢ assumption that distribution and
Total contributions 42 retal Imj increases value by 50%.
Total impacts & contvibutions 497
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. , o . Other
impact Driver Tedal US Al W R LA o
Stales
: Diract impacts 380 127 108 13 19 32
progc ng in Multiplier impacts 801 161 e 19 27 297
Bristol Bay Total impacts 1,191 288 485 3z 55 320
i 88 56 4
Multiplier impacts 111 37 3
Total impacts 1F8 X &
Yovsl bnpacts R EL 55 38
Oirect contributions 46
Mationwide T
distribution and Muttiplier &1 reaidenc
S contributions sidency
re‘[a];”“@" , ‘ , i 3 incations,
Total contributions o8 3 on consarvative assumption that distribution and
Total npacts & contributions 1,498 ng increases value by G0%.

Conclusions

The Bristol Bay salmon fishary is the world's most valuable wild salmon fishery. It contributes well

over $1 billion in value and about 10,000 jobs to the United States

SCONCIY every year, acloss

miultiple industries and states. it has operated continuousty for more than 120 years and can

continue 1o provide significant and widespread economic benefits across multiple industries
states for the forese

and
eable futurs.
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I. INTRODUCTION

Alaska’s Bristol Bay salmon fishery is the world’'s most valuable salmon fishery. The 2010 Bristol Bay
salmon harvest had a value of $165 million. Processing increased the value by $225 million to a total first
wholesale value of $390 million for the salmon products produced in Bristol Bay. The Bristol Bay salmon
industry employed about 7,000 fishermen and about 4,900 processing workers during the intense June
and July fishing season.

This study describes and quantifies the economic importance of the Bristol Bay salmon industry for the
United States and for the four west coast states—Alaska, Washington, Oregon and California—which are
home to most of the fishermen and processing workers as well as most of the processing cornpanies
and the businesses which supply the industry. We estimate “economic impact” measures of the annual
average employment, income, and output value (sales value) which the Bristol Bay salmon industry
created in 2010 in the United States and in these four states.

Chapter Il of this report provides an overview of the Bristol Bay salmon industry. Chapter Il describes
our methodology for estimating economic impacts. Chapter IV discusses the direct economic impacts of
Bristol Bay salmon fishing and processing: the employment, income and output value created in Bristol
Bay in fishing and processing. Chapter V discusses the muftiplier economic impacts of Bristol Bay
salmon fishing and processing: the jobs, income and output value created in other industries through the
ripple effects of Bristol Bay fishing and processing cn the rest of the economy. Chapter VI discusses the
downstream economic effects of the Bristol Bay salmon industry: the jobs, income and output value
created in transportation, secondary processing, warehousing, distribution and retailing after salmon
products leave Bristol Bay. Chapter VIl summarizes major conclusions of the report.

Estimating economic impacts of the Bristol Bay salmon industry is a technically complex task which
required developing numerous assumptions about the payments made by fishermen and processors and
in downstream industries as inputs to national and state-level IMPLAN input-output models. Tc make
the report accessible to non-technical readers, in the body of the report we focus on describing our
findings. The appendixes provide full technical documentation of our analysis.

Bristol Bay fishing boats

o

e .

S

o x

SR

A Bristol Bay fish processing plant
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Iil. OVERVIEW OF THE BRISTOL BAY SALMON INDUSTRY

Bristol Bay is located in southwestern Alaska. Each year tens of millions of sockeye salmon return to
spawn in the major river systems which flow into Bristol Bay. The large lakes of the Bristol Bay region
provide habitat for juvenile sockeye salmon during their first year of life.

For well over a century, Bristol Bay salmon have supported a major salmon fishing and processing

FoAAE
i
e

Bristol Bay,
Alaska

i
8

Source: Environmental Protection Agency

industry. During the 118 years between 1895 and 2012, Bristol Bay fishermen harvested more than 1.7
billion sockeye salmon, with an annual average harvest of 15 million sockeye salmon. Harvests have
been particularly strong since 1980, with an annual average harvest of 24.6 million sockeye salmon
during the period 1980-2012.
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Figure 11-1
Bristol Bay Sockeye Salmon Harvests, 1895-2012
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Bristol Bay commercial salmon harvests are overwhelmingly sockeye salmon, although the other four
species of Pacific salmon are also caught in Bristol Bay in much smaller numbers. Except where
otherwise noted, references in this report to Bristol Bay salmon are specifically for Bristol Bay sockeye
salmon.

Figure 11-2

Bristol Bay Commercial Salmon Harvests
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Source: Commercial Fisheries Entry Commission; Alaska Department of Fish and Game

Bristol Bay salmon runs vary widely from year to year and over longer periods of time, due to variations in
the freshwater and marine environments which affect salmon survival rates over their life-cycle. The
Alaska Department of Fish and Game (ADF&G) manages the fishery to achieve “escapement” goals for
the number of fish which “escape” the commercial fishery and enter the different Bristol Bay river
systems to spawn, by opening and closing fishing in different districts multiple times over the season.

Bristol Bay fishermen fished from sailboats until the 1950s

Source: “Sailing for Saimon” exhibition of historic Bristol Bay photographs

at Anchorage Museum, summer 2011 (hitp./www.anchoragemuseum.org)

EPA-6692-0000115



Most of the Bristol Bay salmon harvest occurs between mid-June and mid-July. In early July, at the peak
of the fishing season, millions of salmon may be harvested in a single day. During this time, Bristol Bay
is a frenzy of activity, with many thousands of fishermen and fish processors working around the clock.

Bristol Bay Fishing

Bristol Bay salmon are harvested using gillnets. Gillnets hang in the water perpendicular to the direction
in which returning salmon are swimming. The fish get their heads stuck in the nets and are “picked”
from the net as it is pulled from the water.

There are two types of gillnet fishing operations in Bristol Bay: drift gillnet and set gilinet. Drift gillnet
fishing is done from fishing boats, which are limited to 32 feet in length. Fishermen let the net out
behind the boat, and after a period of time pull it back into the boat to pick the fish. In set gilinet fishing,
one end of the net is attached to the shore, while the other is attached to an anchor in the water.
Fishermen pick the fish from a skiff or from the beach at low tide.

Picking salmon on a Bristol Bay drift gillnet boat A set-net fishing operation

Like all Alaska salmon fisheries, the Bristol Bay salmon fishery is managed under the state of Alaska's
limited entry management system. Only holders of “limited entry permits” and their crew are allowed to
fish in Bristol Bay. There are approximately 1,860 drift gillnet permits and approximately 1,000 set net
permits. Average drift gilinet catches are higher than average set gilinet catches, and drift gillnet
fishermen catch about four-fifths of the Bristol Bay sockeye salmon harvest.

When the limited entry system was implemented in the 1970s, permits were allocated for free to
fishermen with a history of participation in the fishery. Since then, fishermen have gotten permits only
by gift, inheritance or {(most commonly) buying them from other fishermen. Permit prices vary with
economic conditions in the fishery. In 2010, the average price of a drift net permit was about $102
thousand and the average price of a set net permit was about $29 thousand.

Bristol Bay permit holders fish with an average of about two crew members {larger operations have more
crew members), so the total number of Bristol Bay fishermen is approximately three times the number
of permit holders. Crew are paid a share of the catch value after deducting food and fuel costs (typically
about 10%). Permit holders net earnings depend on the value of their catch minus crew shares and a
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variety of other operating costs (the largest of which include food, fuel, nets, maintenance, and
transportation) and capital costs (payments for boats and permits).

In 2010, Alaska residents owned 53% of Bristol Bay permits but caught only 42% of the fish. This is
because Alaskans owned a smaller share of the drift gillnet permits, and had lower average catches in
the drift gilinet fishery. The fact that well over half of the value of Bristol Bay catches goes to residents
of other states is a major reason why a large share of the economic impacts of the fishery occur in other
states.

Table 1I-1
Bristol Bay Limited Entry Permit Holders, Catches and Gross Earnings, by State, 2010
Fishery Total Alaska Washington Oregon- California Other

Drift 1,850 845 642 98 109 156
Number of Set 927 629 127 38 34 99
permit holders {To1g 2,777 1,474 769 136 143 255

% of total 100% 53% 28% 5% 5% 9%

Drift 1,494 650 538 87 87 138
Number of Set 861 566 124 40 35 100
permits fished | Total 2,355 1,216 662 127 122 238

% of total 100% 52% 28% 5% 5% 10%
Average catch  |Drift 98,542 84,562 112,538 103,907 99,132 101,788
per permit Set 39,495 38,077 36,323 44,486 44,233 46,215
fished (Ibs) Total 76,954 62,925 98,262 85,192 83,382 78,438

Drift 147.2 55.0 60.5 9.0 8.6 14.0
Total catch Set 34.0 216 45 18 15 46
{million Ibs) Total 181.2 76.5 65.0 10.8 10.2 18.7

% of total 100% 42% 36% 6% 6% 10%

Drift 134.1 495 55.3 8.4 8.1 12.9
Total gross
camings Set 31.0 195 4.2 16 14 4.2
( millions) Total 165.2 69.0 59.5 10.0 9.5 17.1

% of total 100% 42% 36% 6% 6% 10%

Source: CFEC Permit and Fishing Activity Data.

Bristol Bay drift gillnet boats fishing

EPA-6692-0000117



Bristol Bay Salmon Processing

Fish processing is an integral part of the Bristol Bay salmon industry, employing approximately half as
many people as fish harvesting and more than doubling the value of the fish. Bristol Bay salmon are
processed by about 10 large processing companies {most of which have multiple processing facilities)
and 20 smaller companies employing about 5,000 processing workers at the peak of the season. Almost
90% of the processing workers are from other states and live in bunkhouse facilities at the processing
plants.

Bristol Bay salmon are processed in both land-based processing facilities and on floating processors.
Salmon are canned only in large land-based facilities, which also have salmon freezing capacity. Floating
processors produce only frozen salmon.

A land-based processing plant A floating processor

In 2010, six companies operated salmon canning facilities in Bristol Bay. These included some of the
largest seafood processing companies operating in Alaska. Most of these companies have both land-
based and floating processing operations in many parts of Alaska, which process not only salmon but
other major Alaska species as well, such as policck, crab and halibut. The home offices of all of the large
Bristol Bay processors are in or near Seattle.

Table 1I-2
Large Bristol Bay Salmon Processors and Buyers, 2010

Type of Home Office Types of processing capacity Shipping*
processor Company Location Canned | Frozen Fresh Cured Alir Sea
Major Peter Pan Seafoods, Inc. Seattle, WA X X X X X X
processors |Icicle Seafoods, Inc. Seattle, WA X X X X X
with both Qcean Beauty Seafoods, Inc. Seattle, WA X X X X X
canning and [Trident Seafoods Seattle, WA X X X X X
freezing Yard Arm Knot Fisheries, LLC Seattle, WA X X X
capacity Alaska General Seafoods Kenmore, WA X X X X

L.eader Creek Fisheries, LLLC Seattle, WA X X

Snopac Products, Inc. Seattle, WA X X X X
Other large -
ProCessors Pederson Point Seattle, WA X X

Togiak Fisheries Seattle, WA X X

Ekuk Fisheries Seattle, WA X X X X

Note: Other Bristol Bay processors in 2010 included seven buyers with both frozen and fresh capacity; nine buyers with
only frozen capacity, and eight buyers with only fresh or cured capacity.

*How processors/buyers shipped products from Bristol Bay
Source: Alaska Department of Fish and Game, Bristol Bay Annual Management Report 2010, Table 25.
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cleaning salmon

Fish account for the largest share of costs of Bristol Bay processors. Other important costs include
labor, fish tendering, packaging {boxes and cans), transportation of products and workers, utilities,
maintenance, and capital costs of equipment and buildings. Processing costs per pound vary between
product forms and from vear to year as fixed costs are spread over different volumes of salmon.

Processing costs: salmon cans (stacked in tubes), boxes, processing machinery

Most larger Bristol Bay salmon processors contract with tender vessels to transport salmon from fishing
vessels at or near the best fishing areas to land-based or floating processing facilities. Tendering
represents a significant cost for the industry.

Fish are transferred from fishing boats to tenders in brailer bags or are pumped througﬁ large hoses.
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Bristol Bay Salmon Products

Bristol Bay salmon are processed into four major primary products: frozen salmon, canned salmon, fresh
salmon, and salmon roe. Frozen salmon includes both headed and gutted {H&G) salmon as well as
salmon fillets.

Canne

Processing Bristol Bay sockeye salmon roe

In 2010, frozen salmon accounted for 69% of Bristol Bay production volume, followed by canned salmon
{26%), salmon roe {3%) and fresh salmon (2%). The shares of different product forms in Bristol Bay
production vary from year to year, reflecting variations in harvests as well as variations in the relative
prices of different products.

Bristol Bay Salmon Prices and Value

Two kinds of prices and values matter for the Bristol Bay salmon industry. £x-vesse/ prices are the
prices processors pay fishermen for their fish. The ex-vesse/ value is the ex-vessel price times the
harvest volume, or fishermen’s gross earnings. First wholesale prices are the prices customers (typically
large retail chains, wholesalers, and importers in other countries) pay processors for the frozen, canned,
fresh and other products they produce. The first wholesale value is the sum of the different wholesale
prices times the product volumes sold, or processors’ gross earnings.
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Bristol Bay salmon prices and value can vary widely from year to year and over longer periods of time,
reflecting changes in salmon market conditions and in harvests. Prices rose dramatically during the
1980s because of strong Japanese market demand. From the late 1980s to the early 2000s prices fell
dramatically. The main cause of the decline was competition from rapidly growing production of farmed
salmon. Other factors included a slowdown in the Japanese economy and competition from Russian and
Japanese wild salmon—as well as large Alaska harvests.

Figure 11-3

Average Ex-Vessel and First Wholesale Prices of Bristol Bay Sockeye Salmon
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Figure [I-4
Ex-Vessel and First Wholesale Value of Bristol Bay Sockeye Salmon
Harvests and Production, 1984-2010
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' ADF&G and CFEC report different ex-vessel values for Bristol Bay salmon in 2010. Our economic impact analysis
is based on CFEC data. The data in this figure and in Table |I-3 below are based on ADF&G data. For discussion, see
Appendix A, Ex-Vessel Value of Bristol Bay Salmon Harvests.
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Since 2002, Bristol Bay salmon prices have rebounded dramatically, due to growing world salmon
demand, development of new product forms such as salmon fillets and portions, improved fish handling
and quality, diversification of markets, and sustained and effective marketing by Alaska processors and
the Alaska Salmon Marketing Institute. These favorable market trends are likely to continue, although
global economic conditions and global salmon supply will continue to affect market conditions, leading to
lower prices in some years (as occurred in 2012).

Both prices and catches affect the ex-vessel and first-wholesale value of Bristol Bay salmon. Both lower
prices and lower catches contributed to the decline in value during the 1990s. Both higher prices and
higher catches contributed to the recovery in value since 2002. (Data for 2011 and 2011 were not yet
available, but first wholesale value likely fell due to lower catches in both years, and lower prices in
2012).

Bristol Bay Salmon End Markets

End markets for Bristol Bay salmon vary widely for different product forms. Prior to the mid-1990s,
almost all Bristol Bay frozen sa/mon was shipped to Japan, and the industry was very dependent on
Japanese salmon market conditions. Since then the Japanese market share has declined dramatically.
Major markets for Bristol Bay frozen salmon now include not only Japan but also the United States, the
European Union, and China {(where frozen salmon is reprocessed into value-added products and re-
exported to global markets).

Currently about half of Bristol Bay frozen salmon is exported directly from Bristol Bay, primarily to Japan
and China. Most of the remaining frozen salmon is shipped to Washington where much of it is
repackaged and/or reprocessed into secondary products such as fillets, portions and smoked salmon.
Some of these products are exported while the rest are sold in the US dorestic market.

Bristol Bay canned salmonis shipped to warehouses in Washington and Oregon where it is stored,
labeled, and sold by processors over the course of the year, mostly to the United Kingdom and other
export markets. Small volumes of fresh salmon are shipped by air to the Lower 48 states and Canada.
Almost all sockeye salmon roe is exported, mostly to Japan and Russia.

Figure 1I-5
Distribution of Bristel Bay Salmon Production, 2010
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Major US sockeye salmon retail products
fillet

Containers for shipping Bristol Bay salmon products at the Bristol Bay port of Naknek

Bristol Bay Salmon Support Industries

The Bristol Bay salmon industry is much more than fishing and processing. A wide range of industries
provide supplies and services to the industry. Some of these, such as those pictured above and below,
are based in Bristol Bay. Most are based in other states—particularly Washington—such as marine
transportation companies, boat builders, machinery and electronics suppliers, packaging manufacturers,
banks and insurance companies. As a Bristol Bay processor told us, “Bristol Bay banks in Seattle.”

More generally, Bristol Bay shops in Seattle—which is another reason why a large share of the economic
impacts of the Bristol Bay salmon industry occur in Washington.

Net hanging & mendin, Boat stor.

na r Air freight
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Located in Washington—but part of the Bristol Bay salmon industry
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Relative Scale of Bristol Bay Salmon Industry

The Bristol Bay salmon fishery is a world-scale commercial salmon fishery. Between 2005 and 2010,
Bristol Bay averaged 67 % of total Alaska sockeye salmon harvests (by volume), 50% of world sockeye
salmon harvests, 21% of all Alaska wild salmon harvests, and 8% of all world wild salmon harvests. It
accounted for 31% of the ex-vessel value of all Alaska wild salmon harvests, 13% of the ex-vessel value
of all world wild salmon harvests, and 3% of the value of all United States fish and shellfish harvests. In
2010, the ex-vessel value of Bristol Bay salmon harvests exceeded the total ex-vessel value of fish
harvests in all but nine states (not counting Alaska).

These numbers are inadequate to convey the scale of the Bristol Bay salmon industry. It is difficult to
appreciate the scale of the industry without seeing it in person—thousands of fishing boats spread out
across vast fishing districts, hundreds of other vessels ranging from tenders to floating processors and
ocean freighters, and dozens of processing operations with thousands of workers processing tens of
millions of fish.

12
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Table 11-3

Selected Indicators of the Relative Scale of the Bristol Bay Saimon Industry

Measure 2005 | 2006 | 2007 | 2008 | 2009 | 2010 § Average
Bristol Bay |[Alaska sockeye salmon B8% | 69% | 62% | 71% | 71% | 70% 67%
sockeye
salmon World sockeye salmon 47% | 49% | 47% | 52% | 55% 50%
iha“’es't Alaska wild salmon (all species) 16% | 22% | 18% | 23% | 25% | 21% [ 21%
volume as a
share of: World wild salmon (all species) 7% 8% 7% 9% 7% 8%
Bristol Bay Alaska \f.\/I|d\ salmon ex-vessel value 0% | 32% | 239 | 27% | 38% | 31% 31%
(all species)
sockeye World wild salmon ex-vessel value
salmon ex- ) 5% | 15% | 14% | 12% | 11% 13%
. {all species) *
vessel value - - -
as a share of United States fish & s.hellﬂsh 29, 3% 3% 3% 4% 4%
landed value (all species)

* Valued at average prices of Alaska wild salmon, by species.

Note: Complete world wild salmon supply data not available for 2010.

Sources: Alaska data: ADFG Alaska Commercial Salmon Harvests and Ex-vessel Values Reports and CFEC

Basic Information Tables data. Other wild salmon supply data: FAO Fishstat database (Canada, Japan,
Russia), National Marine Fisheries Service (US Pacific Northwest data).

Table II-4

Ex-Vessel Value of Total Fishery Landings for Selected States
Compared with the Ex-Vessel Value of Bristol Bay Salmon Harvests, 2010

Ex-vessel value

Ratio of total state ex-

Ratio of Bristol Bay ex-

{millions of vessel value to Bristol | vessel value to total

State dollars) Bay ex-vessel value state ex-vessel value
Alaska 1584.0 9.59 0.10
Massachusetts 478.5 2.90 0.35

Maine 3751 2.27 0.44
\VWashington 272.3 1.65 0.61
Louisiana 247.9 1.50 0.67

Texas 204.1 1.24 0.81

Virginia 198.8 1.20 0.83
California 189.3 1.15 0.87

Florida 184.4 1.12 0.90

New Jersey 177.9 1.08 0.93
BristolBay salmon | ~ fes2] 1o | = 160 |
Oregon 104.6 0.63 1.58
Maryland 95.9 0.58 1.72

Hawaii 84.0 0.51 1.97

North Carolina 79.9 0.48 2.07

Rhode Island 62.6 0.38 2.64

All other states 180.0 1.09 0.92

Total, all states 4518.5 27.36 0.04

Source: National Marine Fisheries Service, Fisheries of the United States, 2010

Historical salmon catches (1878-1997) are from Byerly et al (1999). Other salmon harvest data are from

Data sources for this chapter

ADFG Alaska Commercial Salmon Harvests and Ex-vessel Values Reports. Numbers of permits and
average 2010 permit prices are from CFEC Basic Information Tables. Ex-vessel prices are from ADFG

Salmon Ex-Vessel Price Time Series by Species 1984-2008. Ex-vessel value is from ADFG Alaska
Commercial Salmon Harvests and Ex-vessel Values Reports. First wholesale prices and value are from
ADFG COAR data. World salmon harvest data used to calculate shares of world harvests are from FAO

Fishstatd database and NMFS Commercial Fishery Landings database. For details of these data sources,

refer to Appendix F.
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lii. OVERVIEW OF STUDY METHODOLOGY

The economic impacts of an industry are the jobs, income and output value (sales) created by the
industry—or the jobs, income and cutput value that would not exist if the industry did not exist. For this
study, we estimated economic impacts of the Bristol Bay salmon industry for the United States nationally
and for the four west-coast states of Alaska, Washington, Oregon and California. This chapter provides
an overview of our methodology for estimating economic impacts.

Types of Economic Impacts
Economic impacts may be divided into direct economic impacts and multiplier economic impacts.

e Direct economic impacts of the Bristol Bay salmon industry are the jobs, income and output
value created in those businesses directly involved in fishing for, processing, distributing and
retailing Bristol Bay salmon.

o Multiplier economic impacts are the jobs, income and output value created in other industries.

Multiplier economic impacts include both indirect impacts and induced impacts. /ndirect economic
/impacts are the jobs, income and output value created by the ripple effects of business purchases.
Induced economic impacts are the jobs, income and output value created by the ripple effects of
household purchases.

When Bristol Bay fishermen buy nets, they create indirect impacts in the net manufacturing industry.
When Bristol Bay fishermen get haircuts, they create induced impacts in the hair-cutting industry.

Distribution Chain Stages for Which We Estimated Economic Impacts

We estimated direct and multiplier economic impacts for three stages of the distribution chain for Bristol
Bay salmon in the United States:

e Fishing and primary processing in Bristol Bay

s Shipping and seconadary processing. This included:

Marine transportation of frozen salmon to Washington state

Secondary processing of Bristol Bay frozen salmon in Washington State.

Marine transportation of canned salmon to Washington and Cregon
Warehousing and labeling of canned salmon in Washington and Oregon

o 0 O ©

e Distribution and retaiing. This included nationwide transportation, wholesaling and retailing of
Bristol Bay salmon products in stores and restaurants throughout the United States, including
frozen salmon, canned salmon and fresh salmon. Technically, as discussed below, the economic
effects of distribution and retailing are economic contributions rather than economic /mpacts.

14
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We refer to the stages of the distribution chain after Bristol Bay (shipping and secondary processing, and
distribution and retailing) as downstream stages of the distribution chain, and we refer to their economic
impacts as downstream economic Impacts.

Geographic Regions for Which We Estimated Economic Impacts

As shown in Table 1lI-1, we estimated economic impacts of these three stages of the Bristol Bay salmon
distribution chain for different combinations of geographic regions. We estimated economics impacts of
fishing and primary processing in Bristol Bay for the United States nationally as well as for the four west
coast states of Alaska, Washington, Oregon and California. We estimated economic impacts for “other
states” by subtracting estimated economic impacts for the four west coast states from estimated
national economic impacts.

We estimated economic impacts of shipping to and secondary processing in Washington and Oregon for
the United States as well as for the states of Washington and Cregon. We estimated economic
contributions of nationwide distribution and retailing only for the United States as a whole, because we
lacked sufficient data to develop estimates of these contributions for individual states.

Table -1
Types of Economic Impacts and Contributions of the Bristol Bay Salmon Industry Estimated in This Report
Types of Impacts United Other
Impact driver & Activity States Alaska Washington | Oregon | California | states**
Direct impacts X X X X X X
Fishing and processing Indirect impacts X X X X X X
in Bristol Bay |ndu§eq lmpacts X X X X X X
Multiplier impacts* X X X X X X
Total impacts X X X X X X
Direct impacts X X X
Shipping to and Indirect impacts X X X
secondary processing in|Induced impacts X X X
Washington & Oregon  [Multiplier impacts* X X X
Total impacts X X X
Direct contribution X
Nationwide distribution Indirect contribution X ‘ * Multiplier impacts are the sum. of ilndirect and linduoed
. Induced contribution X impacts. **Estimated by subtracting impacts estimated for
and retailing =, A : :
Multiplier contribution X the four western states from impacts estimated for the US.
Total contribution X

Estimation of Economic Impacts for 2010

The economic impacts of the Bristol Bay salmon fishery vary from year to year due to variation in Bristol
Bay salmon catches, prices, the mix of products produced, fishery participation, employment and other
fishery characteristics. For this report, we estimated economic impacts of the Bristol Bay salmon
industry in 2010. We chose 2010 because it was the most recent year for which comprehensive
economic data were available at the time we began this study.

In the recent past, Bristol Bay salmon harvests, prices and value—and the economic impacts they
drive—have been both higher and lower than they were in 2010. Similarly, in the future, there will likely

15
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be years when harvests, prices, value and economic impacts of the Bristol Bay salmon industry will be
higher and lower than they were in 2010. The economic impacts of the Bristol Bay salmon industry are
not equal every year to the impacts we estimated for 2010. However, the economic impacts of the
Bristol Bay salmon industry in 2010 do provide a reasonable illustration of the overall scale and nature of
the economic impacts of the industry and the distribution of those impacts between states.

Methodology for Estimating Economic Impacts
Direct Economic Impacts of Bristol Bay Salmon Fishing and Processing

The direct economic impacts of Bristol Bay salmon fishing and processing are the employment, income
and output value created in fishing and processing operations in Bristol Bay. To estimate direct
economic impacts, we relied primarily on data and estimates published by several Alaska state agencies,
including the Alaska Commercial Fisheries Entry Commission (CFEC), the Alaska Department of Fish and
Game (ADF&G), and the Alaska Department of Labor and Workforce Development (ADLWD). Chapter IV
describes our estimates of these direct economic impacts, and Appendix A provides technical details of
our data, assumptions and analysis.

Multiplier Economic Impacts of Bristol Bay Salmon Fishing and Processing

The multiplier economic impacts of Bristol Bay salmon fishing and processing are the indirect and
induced employment, income and output value resulting from the fishing and processing that occurs in
Bristol Bay. We followed a three-stage process to estimate multiplier economic impacts.

First, we estimated how the value created by the Bristol Bay salmon industry in 2010 was divided up. In
2010, Bristol Bay salmon processors were paid a total first wholesale value of $390 million for the
salmon products they produced in the Bristol Bay fishery. All of this money was paid to someone for
something: either for the labor of fishing crew and processing workers, for fishermen’s and processors’
purchases from other businesses, or as returns to the investments of permit holders and processing
company owners in fishing permits, fishing gear and processing plants.

As discussed in Chapter V, we estimated that in 2010 processors paid $165 million to salmon permit
holders. Of the remaining $225 million, we estimated that processors paid $34 million for labor, $23
million for packaging, $7 million for insurance, and so on for many other types of payments. Of the $165
million paid to salmon permit holders, we estimated that they paid $37 million to fishing crew, $5 million
for transportation, and so on for many other types of payments.

Second, we estimated what states each type of payment went to. For example, we estimated that of
the $34 million processors paid for labor, $4 million went to residents of Alaska, $9 million went to
residents of Washington, and so forth. We estimated that of the $23 million processors spent for
packaging, they spent $14 million in Washington and $9 million in California. We estimated that of the
$5 million fishermen spent for transportation, they spent $2 million in Alaska, $2 million in Washington,
and $1 million in other states.

Our estimates for these first two steps—estimating how the $390 million in value created by the Bristol
Bay salmon industry was divided up, and what states it went to—were based on State of Alaska data for
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permit holders’ and processing workers’ earnings, earlier studies of permit holders’ costs, discussions
with industry sources, and our best judgment.

Third, we used IMPLAN input-output models to estimate the multiplier economic impacts (indirect and
induced impacts) resulting from different types of payments to different states to calculate the multiplier
economic impacts of Bristol Bay salmon and fishing nationally and in the four west coast states. The
input-output models track the ripple effects of payments as money flows through the economy. For
example, when salmon processors buy cans for canning salmon, it creates jobs and income in the can
manufacturing industry. In turn the can manufacturers buy metal and machines to make the cans, which
creates jobs in the metal mining and machine manufacturing industries. Input-output models track and
add-up all of these effects to calculate multiplier impacts.

Chapter V describe our estimates of the multiplier economic impacts of Bristol Bay salmon fishing and
processing, and Appendix B provides technical details of our data, assumptions and analysis. Appendix D
provides technical details of our use of IMPLAN input-output models.

Dow nstream Economic Impacts

The downstream economic impacts of the Bristol Bay salmon industry are the economic impacts
resulting from transporting, processing and retailing Bristol Bay salmon products within the United States
after they leave Bristol Bay. We followed a three-stage process to estimate downstream economic
impacts.

First, we estimated end-markets for Bristol Bay salmon products. A large share of Bristol Bay salmon is
exported. We subtracted estimated exports from total production to estimate how much Bristol Bay
salmon is transported within, processed in and sold in the United States. Second, we estimated the
increase in value in the “downstream” industries involved in transporting, processing and retailing Bristol
Bay salmon products in the United States. Third, we used IMPLAN input-output models to estimate the
multiplier economic impacts (indirect and induced impacts) resulting from payments by downstream
industries. Chapter VI describe our estimates of downstream economic impacts of Bristol Bay salmon,
and Appendix C provides technical details of our data, assumptions and analysis.

In estimating naticnal economic contributions of distribution and retailing, we had no data on the costs
associated with distribution and retailing or the prices at which products were sold at retail. It was far
beyond the scope of this project to collect this kind of information. For this reason, for our analysis we
made the simple and conservative assumption that distribution and retailing increases the value of Bristol
Bay salmon products by an average of 50%. Our estimates of the economic contribution of the
distribution and retailing of Bristol Bay salmon should be interpreted as estimates of what the associated
Jjobs, income and output value would have been if the average increase in value were 50 %, rather than
as a precise estimate of what they were. Itis likely that the actual economic contributions associated
with distribution and retailing in 2010 were at least as high as our estimates, and possible that they were
significantly higher.
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Definitions for Selected Economic Terms Used in this Report

Economic contribution and_economic impact. Economists distinguish between two closely related
concepts: economic contribution and economic impact. Economic contribution is the jobs, income and
output value associated with an industry. Itis sometimes called economic activity. Economic impact is
the net jobs, income and output value associated with an industry—or how total jobs, income and output
value in the economy would change if the industry didn’t exist.

As a simple example, if the movie theaters in a town employ 100 people, their direct economic
contribution is 100 jobs. But if closing the movie theaters would cause people to spend more time
bowling, resulting in 40 new bowling alley jobs, then the economic impact of the movie theaters is only
60 jobs. For some industries, it can be much harder to estimate economic impacts than economic
contribution, because it's hard to know how the economy might change if the industries didn’t exist.

All of the fishing and processing jobs in Bristol Bay, and their multiplier effects, are economic /mpacts,
because they would all disappear if the fishery didn't exist. But not all of the jobs in the retail stores
which sell Bristol Bay salmon products are economic impacts, because consumers would buy more of
other kinds of fish {(and other products) if they couldn’t buy Bristol Bay salmon. In this report, we
estimate the economic impacts of fishing and processing in Bristol Bay, as well as transportation of
Bristol Bay products to other states and secondary processing in other states. We estimate the
economic contribution of distribution and retailing of Bristol Bay salmon. We use the term economic
impacts to describe the combined effects of all the distribution stages of Bristol Bay salmon, although
technically the distribution and retail stage is economic contribution rather than economic impact.

Payments. In discussing our economic impact modeling assumptions we use the term payrments to
describe payment flows between industries. Economists usually call these expenditures.

Output value. We use the term outout value to mean the total value of the output of an industry, as
measured by its total sales. Economists often use the terms output or sales to refer to the total sales of
an industry.

Value increase. We use the term value increase or increase in value 1o mean the /ncrease in value of fish
or 1ish products associated with a particular stage of the harvesting, processing and distribution chain for
Bristol Bay salmon. For example, we say that the “increase in value in processing” for Bristol Bay
salmon in 2010 was $225 million, or the difference between the total first wholesale value paid to
processors {$390 million) and the total ex-vessel value paid to fishermen ($165 million). Occasionally we
use the term value added or adds to value with the same meaning. This differs from the technical
economic definition of “value added” used in the US national income accounting system and in the
IMPLAN economic output models. Technically, “value added” refers only to the labor income, proprietor
income {profit), and indirect business taxes generated by an industry, and excludes payments to other
businesses.
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Data Limitations and Assumptions

Reliable data are available for some of the most important measures of the economic importance of the
Bristol Bay salmon industry. These include, in particular, data for the “ex-vessel” value of fish catches
{the value paid to fishermen), the first wholesale value of fish production, numbers and residency of
fishing permit holders, and fish processing employment and wages. These data alone are sufficient to
conclusively show that the Bristol Bay salmon industry is very large and economically important, not only
for Alaska but also for other states—particularly Washington—and for the United States.

However, data are not publically available for the payments by the fishing and processing industries 1o
other industries, the distribution of these payments among different states, the volumes of salmon
entering different “downstream” distribution channels, or the payments from downstream industries. It
was far beyond the scope of this study to undertake the kinds of detailed surveys of fishermen,
processors and downstream industries which would have been necessary to develop statistically reliable
estimates for these types of data.

Given this lack of data, to estimate economic impacts of Bristol Bay fishing and processing for the four
west coast states, and to estimate downstream economic impacts, we needed to make numerous
assumptions about payments by fishermen, processors and downstream industries. To do this we relied
on our best judgment, based on many years of chserving and studying the industry and on discussions
with fishermen, processors and industry suppliers and previous surveys of Bristol Bay fishing permit
holders. We document and discuss these assumptions in Appendixes A-D.

It is important to note that not all of our assumptions are equally important for our analysis. For example,
if payments by the processing industry to two supplier industries have similar economic impacts in the
same location, then it doesn’t particularly matter if our assumptions about the allocation of payments
between these the two industries are accurate. Similarly, our assumptions about relatively small
payments (such as for local Bristol Bay property taxes) matter less than our assumptions about large
payments {such as payments to fishing crew and processing workers).

Given the many assumptions we had to make, how accurate are our estimates of economic impacts of
the Bristol Bay salmon industry? They are not precise. It would be impossible to measure the
magnitude of each kind of economic impact of the Bristol Bay salmon industry in 2010 exactly.

However, our estimates are reasonable measures of the relative scale of the economic impacts of the
Bristol Bay salmon industry in 2010, as well as the relative scale of the economic impacts on different
states and at different stages of the distribution chain. More importantly, because Bristol Bay salmon
catches and prices vary from vear to year, the ex-vessel and first wholesale value—which are the key
drivers of economic impacts—also vary from year to year {as shown by Figure |I-4 in the previous
chapter). Given this variability, having more precise estimates of the economic impacts in 2010 would
not be particularly helpful in thinking about the longer-term economic importance of the industry. We can
be highly confident the economic impacts of the Bristol Bay salmon industry in 2015 will be similar in
scale to what they were in 2010. But even if we knew exactly what these economic impacts were in
2010, we couldn’t know what its exact economic impacts will be in 2015.
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Other Ways in Which the Bristol Bay Salmon Industry is Economically Important

Our analysis for this report applies standard input-output modeling methodology to estimate economic
impacts of the Bristol Bay salmon industry. However, standard economic impact analysis does not
account for all the ways the Bristol Bay salmon industry is economically important nationally and to west
coast states.

The estimated value of Bristol Bay salmon exports in 2010 was $252 million. Although exported Bristol
Bay salmon products do not create “downstream” economic impacts in the United States, they
contribute significantly to the United States balance of trade, helping to maintain the value of the dollar
and pay for imports.

The Bristol Bay salmon industry is a major part of the broader Alaska and Pacific Northwest seafood
industry, and pays for an important share of the fixed costs of many fishing and processing operations.
Without the Bristol Bay salmon industry, fixed costs would be higher and profits lower in the rest of the
seafood industry.

The Bristol Bay salmon industry is a major supporter of infrastructure and utilities in the Bristol Bay
region, a major taxpayer, and a very important source of local jobs and income.

A Bristol Bay salmon fisherman
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IV. DIRECT ECONOMIC IMPACTS OF BRISTOL BAY
SALMON FISHING AND PROCESSING

The direct economic impacts of Bristol Bay salmon fishing and processing are the employment, income
and output value created in Bristol Bay every summer in the fishing and processing industries. Table V-1
shows our estimates of these direct economic impacts. In this chapter, we discuss these impacts.
Appendix A provides technical details of how we estimated them, as well as sources for all of the data
and estimates in this chapter.

Table V-1
Estimated Direct Economic Impacts of Bristol Bay Salmon Fishing and Processing, 2010

Total Other
us AK WA OR CA states
Seasonal employment 11,921 4,369 3,227 5563 2,143 1,629

Annual average employment 1,987 728 538 92 357 271
Income {$ million) 143.7 50.1 48.2 8.1 18.9 18.4
Cutput value ($ million) 389.7 126.7 198.5 13.4 19.4 31.7

Sources: See discussion in Appendix A. Note: Direct employment and income impacts are allocated 1o the
states in which workers were residents. Direct output value impacts are allocated to the states to which
payments were made.

Bristol Bay Fishing and Processing Employment

Almost 12,000 people worked in Bristol Bay salmon fishing and processing during the 2010 salmon
season (Table IV-2 and Figure IV-1). About 7000 worked in fishing and almost 5,000 worked in
processing.

Direct employment in the Bristol Bay salmon industry is widely spread across several states, employing
large numbers of not only Alaska residents but also Washington, Oregon and California residents. Alaska
residents held the most fishing jobs (about 4400) followed by Washington residents (about 3200). In
contrast, California residents held the most processing jobs (about 1800) followed by Washington
residents (about 1300).

Table V-2
Estimated Seasonal Jobs in Bristol Bay Salmon Fishing & Processing, 2010
Total AK WA OR CA Other states
Fishing 7,035 3,734 1,948 345 362 646
Processing 4,886 635 1,279 208 1,781 983
Total 11,921 4,369 3,227 553 2,143 1,629

Note: Estimates are by workers' state of residence.
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Figure V-1

Estimated Seasonal Jobs in Bristol Bay Fishing and Processing, 2010
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Employment impacts are generally expressed in terms of annual average employment. To estimate
annual average employment in Bristol Bay salmon fishing and processing, we assumed that fishing and
processing jobs last two months on average. Thus our annual average employment estimates (Table IV-
3) are simply one-sixth of our seasonal employment estimates.

Table V-3
Estimated Annual Average Employment in Bristol Bay Salmon Fishing & Processing, 2010

Total AK WA OR CA Other states
Fishing 1,173 622 325 57 60 108
Processing 814 106 213 35 297 164
Total 1,987 728 538 92 357 271

Note: Estimates are by workers' state of residence.

Workers at a Bristol Bay fish processing plant
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Bristol Bay Fishing and Processing Income

Bristol Bay fishermen and processing workers earned a total of about $144 million in 2010. Fishermen
earned much more on average {about $15,600 per seasonal job) than processing workers (about $6,950
per seasonal job). Fishermen’'s earnings include earnings of both crew (who earn relatively less on
average) and permit holders (who earn relatively more on averags).

Table V-4
Estimated Income Earned in Bristol Bay Salmon Fishing and Processing, 2010 ($ millions)
Total AK WA OR CA Other states
Fishing crew 371 16.5 13.4 2.2 2.1 3.8
Permit holders * 72.7 30.8 25.8 4.4 4.2 7.6
Fishermen, total 709 7 46.2 39.2 6.6 6.3 71.4
Processing workers 34.0 3.9 9.0 1.5 12.6 6.9
Total 143.7 50.1 48.2 8.1 18.9 18.4

*Estimated permit holder net income after expenses. Note: Estimates are by state of residence of income recipients.

Even though fewer Washington residents worked in Bristol Bay, Washington residents earned almost as
much income working in Bristol Bay—almost $50 million—as Alaska residents. This is because
Washington residents earned much more on average from fishing ($20,100) than Alaska residents
{$12,400). (Appendix Table A-3 provides more details about gross earnings of permit holders, by state).

Figure 1V-2
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The total output value of Bristol Bay fishing and processing in 2010—equal to the first wholesale value

Bristol Bay Output Value

paid to processors for all the salmon products produced in Bristol Bay—was $390 million.

Table V-5

Estimated Direct Qutput Value of Bristol Bay Salmon Fishing and Processing, 2010 (millions of dollars)

Total AK WA CR CA Other states
Fishing 165.2 833 55.6 7.2 6.8 12.3
Processing 224.5 43.4 142.9 6.3 12.6 19.4
Total 389.7 126.7 198.5 13.4 19.4 31.7

Note: Impacts are allocated to the states to which estimated payments from output value were made.

Of this, fishing contributed $165 million in output value—the ex-vessel value paid to fishermen.
Processing contributed the remaining $225 million.

From one perspective, because Bristol Bay fishing and processing occurs in Alaska, all of this output
value was created in Alaska. From a different perspective, however, it was created in the states that
provided the fishermen, processing workers, supplies and services that created the value. Both
perspectives are useful. For the purposes of this study, we adopted the second perspective, and
allocated output value to the states to which estimated payments from output value were made—a
measure of their contribution to cutput value.

Note that defined in this way, Washington contributed the greatest share of output value, primarily
because of its contributions to the value created in processing. Although Bristol Bay salmon processing
takes place in Alaska, it is (from our second perspective) more a Washington industry than an Alaska
industry—because all of the large processing companies are based in Washington, such a large share of
their supplies and services are purchased from Washington, and many of the fishermen are from
Washington.

Figure 1V-3
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V. MULTIPLIER ECONOMIC IMPACTS OF
BRISTOL BAY SALMON FISHING AND PROCESSING

The multiplier economic impacts of Bristol Bay salmon fishing and processing are the indirect and

induced impacts on other industries driven by payments of fishermen and processors to businesses and
households. This chapter describes our estimates of multiplier economic impacts. Appendix B provides
technical details of how we estimated them and sources for all of the data and estimates in this chapter.

Estimated Payments of Bristol Bay Fishermen and Processors

in 2010, Bristol Bay salmon processors were paid $390 million for the salmon products they produced in
the Bristol Bay fishery. Estimating the payments from this value, and what states they went to, was the
first step in our analysis of multiplier impacts. Table V-1 summarizes these estimates, which we based
on State of Alaska data for processing workers’ and permit holders' earnings, earlier studies of permit
holders’ costs, discussions with industry sources, and our best judgment.

Table V-1

Assumed Direct Payments from Bristol Bay Fishing and Processing, by State, 2010 ($ millions)

Payments by State

Total AK WA OR CA Other
Total first whelesale value FOB Bristol Bay (a) 389.7
\Value added in Bristol Bay by processors (a) 224.5
Ex-vessel value paid to permit holders {a) 165.2
Payments by processors (b) 224.5 43.4 142.9 6.3 12.6 19.4
Labor 34.0 3.9 9.0 1.5 12.8 6.9
Tendering 315 8.3 221 3.2
Maintenance 29.2 2.9 26.3
Packaging 23.3 0.0 14.0 9.3
Fishermen's support services 18.1 5.4 11.1 1.6
\Variable supplies 10.5 2.1 7.4 1.1
State & local taxes 2.9 9.9
Fuel 7.4 1.9 5.6
Utilities 7.0 7.0
Insurance 5.4 0.0 5.4
Food 4.7 0.5 4.2
Air travel 4.7 Q.2 4.4
Fixed supplies 35 0.4 2.8 0.4
Rents & leases 1.2 1.2
Other payments and returns to investment 34.1 1.7 30.7
Payments by permit-holders (¢} 165.2 83.3 55.6 7.2 6.8 12.3
Crew shares (excluding skipper) 37.1 15.5 13.4 2.2 2.1 38
Maintenance {routine & unexpected) 7.6 6.3 1.3
Nets (hanging, repair, and web) 6.4 5.3 1.1
\Vessel and gear replacement 6.1 Q0.5 5.6
Insurance (P&, hull, lay-up) 52 2.0 2.7 0.2 0.2 0.3
Fuel, cil, & lubricants 5.1 5.1
Miscellaneous gear & supplies 5.0 2.9
[ransportation 4.9 2.2 0.3 0.3 0.4
Raw fish tax 48 4.8
Food 4.1 2.7 1.4
Moorage, storage, and haul-out 3.0 3.0
Administrative services 1.7 Q.7 0.6 0.1 0.1 0.2
Property tax 0.7 Q.7
Annual permit fee 0.6 0.6
Annual vessel license fee 0.2 0.2
Retained by permit holders (d) 72.7 30.8 258 4.4 4.2 7.6

(a) Estimated direct output value reported in Table 1V-5.

(b) Payments from value added in Bristol Bay by processors, excluding payments to permit holders for fish.
(c) Payments from ex-vessel value paid to permit holders.
(d)

d) Retumns to permit helders' labor, management and investment
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Figures V-1 and V-2 show how the amounts and composition of payments differed between states.
Washington received the largest share of the payments, primarily because most processing costs and
processors’ returns to investment went to Washington. Alaska received the second largest share of the
payments, mostly for fishing crew, other fishing costs, permit holder net earnings, and processing costs.

Figure V-1
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The estimates of payments by state shown in Figure V-1 are among the most important analysis and

findings of this report, because it is these payments which drive the multiplier impacts of Bristol Bay

fishing and processing. The fact that such a large share of the payments from fishing and processing
goes to Washington helps to explain why the economic impacts of the Bristol Bay salmon fishery are so
large and important for Washington.

Estimated Multiplier Impacts of Bristol Bay Fishing and Processing

We used IMPLAN input-output models to estimate the multiplier economic impacts (indirect and induced
impacts) resulting from payments to different states to calculate the multiplier economic impacts of
Bristol Bay salmon fishing and processing in the United States and in the four west coast states. Table
V-2 and Figures V-3 through V-5 summarize these estimates.

Table V-2
Estimated Economic Impacts of Bristol Bay Salmon Fishing and Processin, 2010

Measure |Type of impact Total US Alaska Washington Oregon California | Other states
Direct impact 1,987 728 538 92 357 271

Annual Indirect impact 2,370 761 1,212 57 4 336
average |Induced impact 3,482 578 1,025 106 245 1,529
employment |Multiplier impact 5,852 1,338 2,237 163 249 1,865
Total impact 7,839 2,067 2,775 255 606 2,137

Direct impact 143.7 50.1 48.2 8.1 18.9 18.4

Income Indirect impact 111.6 38.0 54.0 2.7 0.3 16.7
($ millions) Indugeq impact 156.4 24.0 43.7 4.0 11.9 72.9
Multiplier impact 268.0 62.0 97.6 6.7 12.1 89.6

Total impact 411.7 112.1 145.8 14.8 31.0 108.0

Direct impact 389.7 126.7 198.5 13.4 19.4 31.7

Qutput Indirect impact 310.7 88.4 1655.5 7.1 0.7 58.9
value Induced impact 4905 72.6 132.2 11.7 35.8 238.2

{$ millions) |Multiplier impact 801.2 161.0 287.8 18.9 36.5 297.0
Total impact 1190.9 287.7 486.3 32.3 559 328.7

We estimated that, for the United States nationally, Bristol Bay salmon fishing and processing generated
multiplier impacts in other industries totaling 5800 jobs {annual average employment), $268 million in
income, and $801 million in output value. The distribution of multiplier impacts between states was
similar to the distribution of the spending which drove the multiplier impacts (Figure V-1). The multiplier
impacts were greatest in Washington {more than one-third of total multiplier impacts), followed by Alaska
{about one-fourth).
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Figure V-3

Estimated Employment Impacts of Bristol Bay Fishing and Processing, 2010
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Economic Multipliers for Bristol Bay Fishing and Processing

Economists use the term “multiplier” to refer to the ratio of indirect, induced, or multiplier {indirect +
induced) cutput value impacts to direct output value impacts. The output value multipliers show how
much indirect, induced or multiplier (indirect + induced) output value is created in the economy for every
dollar of direct output value.

Table V-3 shows the output value multipliers for Bristol Bay salmon fishing and processing implied by our
economic impact analysis for 2010. Looking at the bottom row, every dollar of direct output value in
Bristol Bay salmon fishing and processing created an estimated additional $2.06 in multiplier impacts.
The output value multipliers are highest for the United States and lowest for Alaska. This is because the
output value multipliers measure the additional cutput value created as payments ripple through the
economy. In general, the larger an economy, the greater this ripple effect of payment flows within the
economy.

The output value multipliers are smallest for Alaska because a greater share of the payments of
businesses and households in Alaska go outside the state than in than in larger states or for the United
States as a whole.

Table V-3
Estimated QOutput Value Multipliers for Bristol Bay Salmon Fishing and Processing, 2010
Multiplier uUs AK WA OR CA
Ratio of indirect impacts to direct impacts 0.80 0.70 0.78 0.53 0.04
Ratio of induced impacts to direct impacts 1.26 0.57 0.67 0.87 1.85
Ratio of multiplier impacts to direct impacts 2.06 1.27 1.45 1.41 1.88
Figure V-3
Estimated Output Value Multipliers for the Bristol Bay Salmon Industry:
Ratio of Indirect, Induced and Multiplier Impacts to Direct Impacts
2.50
® Ratio of
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direct impacts
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Table V-4 shows the ratio of nationwide {total US) multiplier employment to direct employment in Bristol
Bay salmon fishing and processing. For every direct job created by the Bristol Bay salmon fishing and
processing, almost three multiplier jobs are created in other industries across the United States.

Table V-4

Ratio of Nationwide Multiplier Employment to Direct Employment

in Bristol Bay Salmon Fishing & Processing, 2010

Type of impact Ratio
Ratio of indirect impacts to direct impacts 1.19
Ratio of induced impacts to direct impacts 1.75
Ratio of muiltiplier impacts to direct impacts 2.95

Helicopter transportation to Bristol Bay floating processors
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VI. SELECTED DOWNSTREAM ECONOMIC IMPACTS
OF THE BRISTOL BAY SALMON INDUSTRY

The downstream economic impacts of the Bristol Bay salmon industry are those driven by the
transportation, secondary processing, warehousing, distribution and retailing of Bristol Bay salmon which
occurs in the United States. For this study, we estimated the following downstream economic impacts:

e Shipping to other states and secondary processing: We estimated economic impacts of marine
transportation of frozen and canned salmon, secondary processing of frozen salmon, and
warehousing and labeling of canned salmon for the United States, Washington and Oregon.

e Distribution and retailing: We estimated economic contributions of nationwide transportation,
wholesaling and retailing of Bristol Bay salmon products in stores and restaurants.

This chapter discusses our estimates of downstream economic impacts. Appendix C provides technical
details of how we estimated them, as well as sources for the data and estimates of economic impacts in
this chapter. Appendix E discusses the estimates presented in this chapter of Bristol Bay salmon export
value and United States consumption of frozen salmon.

End Markets for Bristol Bay Salmon Products

The first step in our analysis of downstream economic impacts of the Bristol Bay salmon industry was to
estimate end markets for Bristol Bay salmon. In 2010, about half of Bristol Bay frozen salmon was
exported directly from Bristol Bay, primarily to Japan and China. We assumed the rest was shipped to
Washington for secondary processing, including filleting, portioning, re-boxing and smoking. About three-
fifths of these products were also exported. The rest—about one-fifth of total Bristol Bay frozen salmon
production—was sold in the US market.

Figure VI-1

Estimated Distribution of Bristol Bay Salmon Production, 2010
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All Bristol Bay canned salmon is shipped to warehouses in Washington and Oregon where it is stored,
labeled and sold by processors over the course of the year, mostly to the United Kingdom and other
export markets. We assumed that most of the small volume of Bristol Bay fresh salmon is sold in the
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United States, and that all of the roe production is exported. Overall, about 83% of the total volume of
Bristol Bay salmon production (all products combined) is exported, and about 17% is sold in the United
States market.

Sources: Alaska production data, US export data, and discussions with industry sources, as discussed in Appendix C.

Table VI-1
Assumed End-Markets for Bristol Bay Salmon Production, 2010
Frozen Canned Fresh Roe Total
Total production 80.0 29.9 2.9 4.0 116.7
. Exported directly from Bristol Bay 39.8 0.0 0.5 4.0 44.3
Millions of -
pounds Shipped to other states 40.2 29.9 2.4 0.0 72.4
Exported from other states 25.2 26.9 0.2 0.0 52.2
Sold in US domestic market 15.0 3.0 2.2 0.0 20.2
Total production 100% 100% 100% 100% 100%
sh ¢ Exported directly from Bristol Bay 50% 0% 19% 100% 38%
are o
production Shipped to other states 50% 100% 81% 0% 62%
Exported from other states 31% 90% 6% 0% 45%
Sold in US domestic market 19% 10% 76% 0% 17%
Mode of transportation to other Sea Sea Air
states
Assumed states to which 100% to 50% to Washington
Other products were initially shipped Washington 50% to Oregon
assumptions ) Filleting,
Types of secon_dary processmg portioning, Warehousing &
and other handling prior to . .
N i reboxing, labeling
distribution to retailers .
smoking

Until the late 1990s, almost all Bristol Bay frozen salmon was exported, mostly to Japan. Since then,
although the share of Bristol Bay frozen salmon sold in the United States market remains relatively small,
it has been gradually rising over time (Figure VI-2). Factors contributing to the growth in the domestic
market for Bristol Bay sockeye have included the development of new product forms, particularly fillets
and portions, and sustained and effective marketing by Alaska processors and the Alaska Seafood

Marketing Institute (ASMI).

As these continue, it is likely that the share of Bristol Bay salmon consumed

by Americans will continue to grow—increasing the downstream economic impacts and contributions of
Bristol Bay salmon.

Downstream jobs supported partly by Bristol Bay salmon

Forklift operator at Salmon Terminals canned
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Figure VI-2
Estimated Domestic Consumption of Bristol Bay Sockeye Salmon
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As shown in Figure VI-3, the estimated value of Bristol Bay salmon exports has risen dramatically since
2002 as prices for Bristol Bay sockeye salmon have risen. In 2010, the estimated total value of Bristol
Bay salmon exports was $252 million, or approximately 74% of the value of total US sockeye salmon
exports, 28% of the value of total US salmon exports {(all species), and 6% of the value of total US edible
fish exports (all species).

Figure VI-3

Estimated Value of Bristol Bay Salmon Exports
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The high export share of Bristol Bay sockeye salmon reduces its downstream economic contribution in
domestic distribution and retailing. But Bristol Bay salmon exports are economically important to the
United States in a different way: they contribute to the United States balance of trade, helping to
maintain the value of the dollar and pay for imports. In particular, they help to offset the United States’
massive seafood trade deficit (US seafood imports in 2010 totaled $14.8 billion compared with total
exports of $4.4 billion).
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Downstream Increases in Value of Bristol Bay Salmon

The economic impacts of the Bristol Bay salmon industry are driven by the payments associated with
each distribution chain stage which go to businesses and to households (as payments to workers and
profits of owners). Collectively these payments are equal to the increase in value associated with each
stage. Figure VI-4 and Table VI-2 show our estimates of these increases in value.

Figure VI-4

Estimated Increase in Value of Bristol Bay Salmoen in the
United States, by Distribution Chain Stage, 2010
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Table VI-2
Estimated Increase in Value of Bristol Bay Salmon in the United States, by Distribution Chain Stage, 2010

Primary product form

Distribution chain stage Frozen | Canned | Fresh Roe Total
Product volume Bristol Bay fishing and processing 80.0 29.9 2.9 4.0 116.7
entering stage Shipping to other states 40.2 29.9 2.9 72.4
{millions of Ibs, primary |Secondary processing in other states 40.2 29.9 70.1
product weight basis) |retafiing and distribution 15.0 3.0 2.2 20.2
Bristol Bay fishing and processing
Increase in value/lb |1 first wholesale price) $3.23 $3.52 $2.11 $5.03
in stage — -
- Shipping to other states $0.26 $0.13 $0.50
{primary product
weight basis) Secondary processing in other states $1.25 $0.10
Retailing and distribution $2.37 $1.88
Bristol Bay fishing and processing 258.3 105.4 6.1 18.9 389.7
Increase in value Shipping to other states 10.4 4.0 1.4 15.9
in stage Secondary processing in other states 50.4 3.1 53.5
{$ millions) Retailing and distribution 35.6 5.6 2.9 44.1
Total 3547 | 1181 10.4 19.9 503.1
Bristol Bay fishing and processing 73% 89% 59% 100% 77%
Shipping to other states 3% 3% 14% 0% 3%
Share of total — >
. : Secondary processing in other states 14% 3% 0% 0% 1%
increase in value
Retailing and distribution 10% 5% 27% 0% 9%
Total 100% | 100% | 100% | 100% § 100%

Note that 77% of the total estimated increase in value—and the corresponding payments—occurs in
Bristol Bay fishing and processing. Only about 23% of the estimated increase in value occurs in
downstream stages of the distribution chain. For this reason, the estimated downstream economic
impacts and contribution are much smaller than the estimated economic impacts of Bristol Bay salmon
fishing and processing.
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Estimated Downstream Economic Impacts of
Marine Transportation and Secondary Processing

Table VI-3 summarizes the estimated payments generated in marine transportation and selected
secondary processing activities of Bristol Bay sockeye salmon in 2010. The largest of these are in
secondary processing of frozen salmon, mostly in Washington.

Table VI-3
Estimated Payments Generated in Selected
Shipping and Secondary Processing, 2010 ($ millions)

Activity us WA OR
Marine transportation of frozen salmon 10.4 10.4
Frozen salmon secondary processing 50.4 422
Marine transportation of canned salmon 4.0 2.0 2.0
Canned salmon warehousing and labeling 3.1 1.6 1.6
Total 67.9 56.1 3.5

We used IMPLAN input-output models to estimate the multiplier economic impacts (indirect and induced
impacts) resulting from these estimated payments in the United States, Washington and Oregon. Table
VI-4 summarizes these estimates.

Table VI-4

Estimated Downstream Economic Impacts of
Selected Shipping and Secondary Processing, 2010

Measure |Type of impact Total US Washington Oregon
Direct effect 191 156 15
Annual Indirect effect 243 103 12
average |Induced effect 319 126 12
employment |Multiplier effect 563 229 24
Total effect 754 385 39
Direct effect 13.1 11.0 0.9
Income Indirect effect 15.8 6.3 0.5
. Induced effect 14.3 5.4 0.4

{$ millions) —-
Multiplier effect 30.1 11.7 1.0
Total effect 43.2 22.7 1.8
Direct effect 67.8 56.0 3.5
Output  |indirect effect 66.2 211 1.3
value Induced effect 44.8 16.3 1.3
($ millions) |Multiplier effect 111.0 37.4 2.6
Total effect 178.8 93.5 6.2
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Estimated Downstream Economic Contributions of

Distribution and Retailing of Bristol Bay Sockeye Salmon Products

Table VI-5 summarizes the estimated payments generated by nationwide distribution and retailing of
Bristol Bay salmon products in 2010. Recall, as discussed in Chapter lll, that these estimates are based
on the simple and conservative assumption that distribution and retailing increases the value of Bristol

Bay salmon products by an average of 50%.

Table IV-5

Estimated Payments Generated in Nationwide Distribution and
Retailing of Bristol Bay Salmon Products, 2010 ($ millions)

Activity us
Distribution & retailing of frozen salmon 35.6
Distribution & retailing of canned salmon 5.6
Air transportation of fresh salmon 1.4
Distribution & retailing of fresh salmon 2.9

We used the national IMPLAN input-output model to estimate the multiplier economic contributions
{indirect and induced contribution) resulting from these estimated payments. Table IV-6 summarizes
these estimates. They should be interpreted as estimates of what the associated jobs, income and

output value would have been If the average increase in value were 50%, rather than as a precise
estimate of what they were. It is likely that the actual economic contributions associated with

distribution and retailing in 2010 were at least as high as our estimates, and possible that they were
significantly higher. Recall that these are estimated economic contributions rather than impacts, because
not all of the economic activity currently associated with distribution and retailing Bristol Bay sockeye
salmon would necessarily disappear if Bristol Bay salmon didn’t exist-because consumers would buy
more of other kinds of fish and other products if they couldn’t buy Bristol Bay salmon.

Table V-6

Estimated Downstream Economic Contributions of Distribution and
Retailing of Bristol Bay Salmon Products in the United States, 2010

Measure Type of contribution Activity
Direct contribution 787
Annual Indirect contribution 112
average Induced contribution 312
employment |Multiplier contribution 425
Total contribution 1,212
Direct contribution 22.7
Indirect contribution 5.6
Income s
($ millions) Indu.cef:i contr@utpn 14.0
Multiplier contribution 19.6
Total contribution 42.3
Direct contribution 455
Output Indirect contribution 16.9
value Induced contribution 43.8
($ millions)  [Multiplier contribution 60.8
Total contribution 106.3
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Vill. CONCLUSIONS

The Bristol Bay sockeye salmon fishery is the world’s most valuable wild salmon fishery, and
typically supplies almost half of the world’s wild sockeye salmon. In 2010, Bristol Bay salmon
fishermen harvested 29 million sockeye salmon worth $165 million in direct harvest value alone. That
represented 35% of the total Alaska salmon harvest value, and was greater than the total value of fish
harvests in 41 states. Salmon processing in Bristol Bay increased the value by $225 million to a total first
wholesale value after processing of $390 million. The total value of Bristol Bay salmon product exports in
2010 was about $250 million, or about 6% of the total value of all U.S. seafood exports.

in 2010, Bristol Bay salmon fishing and processing and its downstream and multiplier impacts
created annual average employment of almost 10,000, more than $500 milflion in income, and $1.5
billion in output value in the United States. The figures and tables at the end of this chapter provide
details of our estimates of the direct and multiplier impacts and contributions of the Bristol Bay salmon
industry in 2010.

During the 2010 salmon season, almost 12,000 people worked in Bristol Bay salimon fishing and
processing. About 7,000 worked in fishing and almost 5,000 worked in processing.

The economic importance of the Bristol Bay saimon industry goes well beyond the jobs, income and
output value created by the fishing and processing which happens in Bristol Bay. More jobs, income
and output value are created in other industries as Bristol Bay fishermen and processors purchase
supplies and services and spend the money they earn. Still more jobs, income and output value are
created in downstream industries as Bristol Bay salmon are shipped to other states, undergo further
processing, and are sold in stores and restaurants across the United States.

Although Bristol Bay fishing and processing take place in Alaska, about four-fifths of the economic
impacts and contributions occur outside Alaska; about one-third occur in Washington. This is
because almost two-thirds of the people working in Bristol Bay are from other states; the major
processors are all based in Washington; most of the supplies and services are purchased from
Washington; most of the multiplier or ripple effects occur in other states; and downstream economic
impacts occur in other states, and are concentrated in Washington.

Because most of the total economic impacts of the Bristol Bay salmon industry occur outside
Alaska, previous studies which focused only on impacts which occur in Alaska greatly understated
its national economic importance. It is natural and reasonable for economic studies done by and for
Alaskans to focus on the economic importance of the industry for Alaska. But from a naticnal
perspective, it is the national economic impacts which matter.

Multiplier economic impacts of Bristol Bay fishing and processing account for the largest share of
the total economic impacts of the Bristol Bay salmon industry. For every dollar of direct output value
created in Bristol Bay fishing and processing, more than two additional dollars of output value are created
in other industries, as payments from the Bristol Bay fishery ripple through the economy. These
payments create almost three jobs for every direct job in Bristol Bay fishing and processing.
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The dow nstream economic impacts of the Bristol Bay salmon industry currently represent less than
one-fifth of the total impacts. This is because only about 17% of Bristol Bay salmon is consumed in
the United States: almost two-fifths is exported directly from Bristol Bay and another two-fifths is
exported from other states.

The dow nstream economic impacts of Bristol Bay sockeye salmon are likely to grow over time.
United States domestic consumption of Bristol Bay frozen sockeye salmon products has been growing—
and is likely to continue to grow—as a result of sustained and effective marketing by the industry, new
product development and other factors.

Exports of Bristol Bay salmon benefit the United States economy. They contribute to the United
States balance of trade, helping to maintain the value of the dollar and pay for imports. In particular, they
help to offset the United States’ massive seafocd trade deficit.

What matters in this report are not the specific estimates of economic impacts for 2010, but their
relative scale and distribution. Future economic impacts of the Bristol Bay salmon industry will vary
from year to year with catches and prices, but will remain similar in relative scale and distribution among
states and stages of the distribution chain to those we estimated in this report.

The economic importance of the Bristol Bay salmon industry goes beyond the economic impacts and
contributions which we estimated for this report. The Bristol Bay salmon industry is a major part of

the broader Alaska and Pacific Northwest seafood industry, and pays for an important share of the fixed
costs of many fishing and processing operations. Without the Bristol Bay salmon industry, fixed costs
would be higher and profits lower in the rest of the seafood industry. The Bristol Bay salmon industry is a
major supporter of infrastructure and utilities in the Bristol Bay region, a major taxpayer, and a very
important source of local jobs and income.
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Figure VIH-1

Estimated Employment Impacts and Contributions of the Bristol Bay Salmon Industry, 2012
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Figure VIIl-2
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Table VilI-1

Estimated Employment Impacts and Contributions of the Bristol Bay Salmon Industry, 2010 (annual average employment)

Total
Impact Driver us AK WA OR CA Other states
Fishing and  |Direct impacts* 1,987 728 538 92 357 271
pImary — fnuttiplier impacts 5,852 1,338 2,237 163 249 1,865
processing in
Bristol Bay Total impacts 7,839 2,067 2,775 255 606 2,137
Marine Direct impacts 191 156 15
transportation o
& secondary Multiplier impacts 563 229 24
processing Total impacts 754 385 39
Total impacts 8,692 3,160 294
Nationwide |Birect contributions 787
distribution  |Multiplier contributions 425
and retailing Total contributions 1,212
Total impacts & contributions 9,804
Table VIII-2
Estimated Income Impacts and Contributions of the Bristol Bay Salmon Industry, 2010 (millions of dollars)
Impact Driver Us AK WA OR CA Other states
Fishingand  |pjrect impacts 144 50 48 8 19 18
rima
PAMAaY IMultiplier impacts 268 62 08 12 90
processing in
Bristol Bay Total impacts 412 112 146 1% 31 108
Marine Direct impacts 13 11 1
transportation o
& secondary Multiplier impacts 30 12 1
processing Total impacts 43 23
Total impacts 455 169 17
Nationwide |Direct contributions 23
distribution | Multiplier contributions 20
and retailing Total contributions 42
Total impacts & contributions 497
Table VII-3
Estimated Output Value Impacts and Contributions of the Bristol Bay Salmon Industry, 2010 {(millions of dollars)
Impact Driver uUs AK WA OR CA Other states
Fishingand  |Direct impacts 390 127 198 13 19 32
pImary I uttiplier impacts 801 161 288 19 37 297
processing in
Bristol Bay Total impacts 1,191 288 486 32 56 329
Marine Direct impacts 68 56 4
transportation o
& secondary Multiplier impacts 1 37
processing Total impacts 179 93 [
Total impacts 1,370 580 38
Nationwide |Birect contributions 46
distribution Multiplier contributions 81
and retailing Total contributions 106
Total impacts & contributions 1,476
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APPENDIX A:
ESTIMATION OF DIRECT ECONOMIC IMPACTS OF BRISTOL BAY
SALMON FISHING AND PROCESSING

The direct economic impacts of Bristol Bay salmon fishing and processing are the employment, income
and output value created in Bristol Bay every summer in the fishing and processing industries. Table A-1
summarizes our estimates of these direct economic impacts. This appendix discusses how we
developed these estimates.

Table A-1
Estimated Direct Economic Impacts of Bristol Bay Salmon Fishing_j and Processing, 2010

Total Other

us AK WA OR CA states

Seasonal employment 11,921 4,369 3,227 563 2,143 1,629
Annual average employment 1,987 728 538 92 357 271
Income ($ million) 143.7 50.1 48.2 8.1 18.9 18.4
Output value ($ million) 389.7 126.7 198.5 134 19.4 31.7

Sources: See discussion in Appendix A. Note: Direct employment and income impacts are allocated to the
states in which workers are residents; direct output value impacts are allocated to the states to which
payments from total output value are made (including wage payments).

Challenges in Measuring Bristol Bay Salmon Industry Employment

Measuring employment in the Bristol Bay salmon industry is complicated by several factors. First, no
employment data are collected for commercial fishing comparable to the employment data collected for
most other industries. This is because commercial fishermen {both permit holders and crew) are
considered self-employed, and they do not pay unemployment insurance. Employment data for most
industries (including fish processing) are based on unemployment insurance reporting forms filed by
employers. To make up for this significant gap in Alaska employment data, the Alaska Department of
Labor and Workforce Development (ADLWD) Research and Analysis Division estimates monthly
commercial fishing employment by multiplying the number of permits for which fish landings are
reported each month by assumed average employment per permit fished (crew factors).

Second, the Bristol Bay salmon industry is highly seasonal. Most of the fishing and processing occurs
between the middie of June and the middle of July, with smaller numbers of fishermen and processing
workers engaged in smaller-scale fishing and processing as well as start-up and close-down activities
earlier and later in the year. Thus a Bristol Bay fishing or processing job which typically lasts about two
months is not directly comparable to a year-round job in another industry. To provide a basis for
comparing employment in the Bristol Bay salmon industry with year-round employment in other
industries, we estimate “annual average employment,” calculated as the total number of months worked
divided by 12.

Third, the “Bristol Bay Region” for which ADLWD reports fish processing employment and estimated
salmon fishing employment includes the Chignik salmon fishery—an important Alaska salmon fishery
although much smaller than the Bristol Bay fishery. By way of comparison, between 2006 and 2010,
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expressed as a percentage of the Bristol Bay salmon fisheries, total pounds landed in the Chignik salmon
fishery were 7.7% of Bristol Bay, earnings were 6.3% of Bristol Bay, and total permits fished were 2.4%
of Bristol Bay. Thus ADLWD fish harvesting and processing employment estimates and data for the
“Bristol Bay region” slightly overestimate employment for the Bristol Bay salmon fishery.

Fourth, estimates of fish processing employment are not available by fishery—because in reporting
employment fish processing plants do not distinguish between the species of fish that their workers
were processing during the reporting period. Thus fish processing employment estimates for the Bristol
Bay region include some employment in processing other species such as herring. However, itis likely
that fish processing employment data for the Bristol Bay region are overwhelmingly dominated by Bristol
Bay salmon. For a comparison of the relative scale of the two fisheries, between 2006 and 2010,
expressed as a percentage of the Bristol Bay salmon fisheries, total pounds landed in the Bristol Bay
{Togiak) herring seine and gillnet fisheries were 22.6% of pounds landed in the Bristol Bay salmon
fisheries, earnings were 2.1% of earnings in the salmon fisheries, and the total permits fished were
2.6% of permits fished in the salmon fisheries (CFEC Basic Informaticn Tables). Note also that Bristol
Bay herring processing is much less labor intensive than salmon processing because Bristol Bay herring
are entirely frozen round for export.

Estimation of Direct Employment Impacts

The direct employment impacts of Bristol Bay salmon and fishing are the seasonal jobs created every
summer in Bristol Bay. The starting point for our estimates of direct employment impacts were the data
shown in Tables A-2 and A-3 below. Table A-2 shows Alaska Department of Labor and Workforce
Development {ADLWD) estimates of Bristol Bay salmon harvesting and processing employment and
wages in 2010. Note that the harvesting employment estimate of 7035 is are for the peak harvesting
employment month of July {by way of comparison, estimated 2010 Bristol Bay salmon harvesting
employment was 6573 for June, 1065 for August, 68 for Septernber, and 0 for all other months).

Table A-2

Alaska Department of Labor and Workforce Development Estimates of
Bristol Bay Salmon Fishing and Processing Employment and Wages, 2010

Estimated salmon harvesting employment, July 7035
Bristol Bay region seafood processing total worker count 4886
Bristol Bay region seafood processing percent nonresident workers 87.0%
Bristol Bay region seafood processing wages $33,963,492
Bristol Bay region percent nonresident wages 88.5%

Sources: ADLWD Bristol Bay Region Fishing Employment Estimates; ADLWD Bristol
Bay Region Seafood Processing Employment and Earnings Data.

Table A-3 shows Commercial Fisheries Entry Commission (CFEC) 2010 data for Bristol Bay limited entry
permit holders, pounds landed, and estimated gross earnings by state. These data are the basis for
much of our estimation of economic impacts of Bristol Bay 7#isfing by state. Note that while Alaska
accounted for 53.1% of Bristol Bay permit holders, it accounted for only 41.8% of gross earnings—partly
because Alaskans had lower average gross earnings in both fisheries, and partly because Alaskans
accounted for a relatively higher share of permits in the set gillnet fishery, in which average earnings are
lower than for the drift gilinet fishery. In contrast, Washington accounted for only 27.7% of permits but
for 36.0% of gross earnings.
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Table A-3
Bristol Bay Limited Entry Permit Holders, Pounds Landed, and Estimated Gross Earnings, by State, 2010

Fishery Total Alaska Washington Oregon California Other
Drift 1,850 845 642 98 109 156
Number of Set 927 629 127 38 34 99
permit holders |Totg) 2,777 1,474 769 136 143 255
% of total 100.0% 53.1% 27.7% 4.9% 5.1% 9.2%
Drift 1,863 854 644 98 110 157
Number of Set 982 665 135 39 37 106
permits issued | Total 2,845 1,519 779 137 147 263
% of total 100.0% 53.4% 27 4% 4.8% 52% 9.2%
Drift 1,510 660 538 87 87 138
Number of
fishermen who 1521 816 535 118 39 32 92
fished Total 2,326 1,195 656 126 119 230
% of total 100.0% 51.4% 28.2% 54% 5.1% 9.9%
Drift 1,494 650 538 87 87 138
Number of Set 861 566 124 40 35 100
permits fished | Total 2,355 1,216 662 127 122 238
% of total 100.0% 51.6% 28.1% 5.4% 5.2% 10.1%
Drift 147,221,5228 54,965,123| 60,545,242] 9,039,937 8,624,445] 14,046,775
Total pounds  |Set 34,004,833 21,551,668] 4,504,097 1,779.431] 1548,168] 4,621,469
landed Total 181,226,355] 76,516,791| 65,049,339] 10,819,368] 10,172,613 18,668,244
% of total 100.0% 42.2% 35.9% 6.0% 5.6% 10.3%
Drift $134,136,756] $49,465,892| $55,341,651] $8,383,182| $8,068,292| $12,887,739
Estimated gross|Set $31,022,079] $19,527,908| $4,178,869| $1,617.831] $1,448873| $4,248,599
earnings Total $165,158,835] $68,993,800| $59,520,520{ $10,001,013| $9,507,165| $17,136,338
% of total 100.0% 41.8% 36.0% 6.1% 5.8% 10.4%
Average gross | Drift $89,784 $76,101 $102,866 $96,358 $92,624 $93,389
earnings per  |Set $36,030 $34,502 $33,701 $40,446 $41,396 $42,486
permit fished  |Total $70,131 $56,738 $89,910 $78,748 $77,928 $72,001

Source: CFEC Permitand Fishing Activity Data.

Table A-4 shows how we estimated seasonal and annual average employment in Bristol Bay salmon
fishingin 2010. We started with the ADLWD estimate of 7035 for seasonal employment, and allocated
this among states based on the distribution of limited entry permits. In doing this, we in effect assumed
that fishing crew live in the same states as permit holders, and that the average number of crew per
fishing operation is the same across states. Although neither of these assumptions is completely
accurate, we had no other data with which to develop a better way of allocating crew among states.

As also discussed in Appendix B, in November 2012 we conducted a short online survey of 21
Washington residents who held Bristol Bay permits {20 drift gilinet permits and 1 set gillnet permit) about
their fishing operations, primarily to learn more about their expenditures associated with the fishery. Of
these, 13 responded that all of their crew were from Washington, and another 5 responded that some of
their crew were from Washington. This suggests that most though not all Bristol Bay crew are likely to
be from the same states as the permit holders with whom they fish. Moreover, to the extent that they
are not, California residents hired as crew by Washington residents may be partially “balanced” by
Washington residents hired as crew by California residents—and so forth for other states considered in
our study.
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Table A-4
Estimated Employment in Bristol Bay Salmon Fishing, 2010
Sources Other
& notes | Total AK WA OR CA states

Assumed total seasonal

fishing employment a 7035

Assumed share of fishing

b 100.0%§ 53.1% | 27.7% | 4.9% | 5.1% | 9.2%
employment, by state

Assumed seasonal fishing

c 7035 ¢ 3734 1948 345 362 646
employment, by state

Assumed annual average

fishing employment, by state d 173 622 325 57 60 108

(a) Estimated salmon harvesting employment, July, from Table 1V-2.
(b} Share of total permit holders, by state, from Table IV-3.

(c) Calculated by multiplying assumed total seasonal employment by the assumed share of
fishing employment by state.

(d} Calculated by dividing assumed seasonal employment by 6, based on the assumption
that Bristol Bay seasonal fishing jobs represent 2 months employment on average.

Table A-5

Responses of Washington residents who hold Bristol Bay permits to the
qguestion "What state did the people who worked for you live in?"

State(s) Number of responses
VWashington 13
VWashington & California 2

VWashington & Alaska

VWashington & Utah

VWashington, Alaska & New Mexico
Oregon & Alaska

Texas & Colorado

Al s

Maine

Total 21

Source: November 2012 survey of Washington permit holders. See discussion
in Appendix B.

Table A-6 shows how we estimated seasonal and annual average employment in Bristol Bay salmon
processing in 2010. We begin with the ADLWD figure for the Bristol Bay region 2010 seafood
processing worker total count of 4866, which we assume as a measure of total 2010 seasonal
employment in Bristol Bay salmon seafood processing. The same data source reports that 87% of these
workers were non-Alaska residents, which implies that 4251 workers were non-Alaska residents and 635
were Alaska residents.

ADLWD did not report what states the non-resident workers lived in. To estimate this, we used
unpublished data provided to us by ADLWD for Alaska unemployment payments to non-resident
manufacturing workers (most of whom work in fish processing) to calculate the percentage of these
unemployment insurance payments received by residents of Washington, Oregon, California, and other
states. We assumed—in the absence of an alternative better approach—that Bristol Bay nonresident
processing employment was distributed in the same proportions.
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Table A-6

Estimated Employment in Bristol Bay Salmon Processing, 2010

Notes

Total

AK

WA

OR

CA

Other
states

Total Non-
Alaska

Bristol Bay region seafood
processing total worker count

4886

Percent of Bristol Bay region
seafood processing workers,
by residency

100.0%

13.0%

87.0%

Assurmed Alaska and non-
Alaska worker count

Alaska unemployment
payments to manufacturing
workers, 2010, by state to
which payments were sent

$8,198,281

$1,.334,785

$11,411,708

$6,298,954

$27,243,728

Share of non-Alaska
unemployment payments

30.1%

4.9%

41.9%

23.1%

100.0%

Assumed non-Alaska worker
count by state

1279

208

1781

983

4251

Assumed seasonal
employment in Bristol Bay
processing

4886

635

1279

208

1781

983

Assumed annual average
employmentin Bristol Bay
processing

814

106

213

35

297

164

{a) Source: ADLWD Bristol Bay Region Seafood Processing Employment and Earnings Data; (b) Calculated from (a); {¢) Source:
Unpublished data provided by Alaska Department of Labor and Workforce Development, Research and Analysis Section, for payments to
workers in NAICS code 31 (Manufacturing) which is dominated in Alaska by fish processing; {d) Calculated from (¢); {{d) Calculated from
percentages of workers by residency; {e) Assumed hased on {d): assumes that Bristol Bay non-Alaska processing employment and
processing wages were distributed geographically in the same proportion as statewide non-Alaska manufacturing unemployment
insurance payments; {f) Values calculated in rows above; {g) Calculated by dividing estimated seasonal employment by 6, based on the
assumption that Bristol Bay seasonal processing jobs represent 2 months employment, on average.

Note that this method of allocating non-resident processing employment assumed that all Bristol Bay
processing workers lived in the United States. This was clearly not the case, given the fact that some of
the workers were foreigners working in Alaska under the J-1 summer work travel visa program. In 2010,
a total of 4383 workers in Alaska held J-1 summer work travel visas (http://j1visa.state.gov/basics/facts-
and-figures/). Many but not all of these worked in the seafood processing industry: some worked in
other industries such as tourism. This compares with a total worker count of 23,432 for the Alaska
statewide seafood processing industry {http:/laborstats.alaska.gov/seafood/statewide/AKSFPOver.pdf). If
all J-1 visa holders had worked in the seafood industry, they would have represented 19% of the
statewide processing workforce. Their share in the Bristol Bay processing workforce could have been
the same, higher or lower. Had it been the same, actual employment of residents of states other than
Alaska would have been about 81% of our estimates in Table A-6.

The J-1 summer work travel visa program is being phased out. Within a few years, it is likely that almost

all Bristol Bay workers will be US residents.
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Table A-7 summarizes our estimates of seasonal employment in Bristol Bay salmon and fishing derived in
Tables A-5 and A-7. The totals, which correspond to the first line of Table A-1 at the beginning of this
chapter, are the estimated direct seasonal employment impacts of Bristol Bay salmon fishing and
processing in 2010.

Table A-7
Estimated Seasonal Employment in Bristol Bay Salmon Fishing & Processing, 2010
Total AK WA OR CA Other states
Fishing 7,035 3,734 1,948 345 362 646
Processing 4,886 635 1,279 208 1,781 983
Total 11,921 4,369 3,227 553 2,143 1,629

Sources: Estimates in Tables V-5 (fishing) and IV-6 (processing).
Note: Estimates are by workers' state of residence.

Table A-8 shows our estimates of annual average employment in Bristol Bay fishing and processing.
These estimates are simply the seasonal estimates shown in Table A-7 divided by 6—based on the
assumption that each seasonal fishing and processing job in Bristol Bay represents, on average, the
equivalent of two months of work. The totals, which correspond to the second line of Table A-1 at the
beginning of this chapter, are the estimated direct annual average employment impacts of Bristol Bay
salmon fishing and processing in 2010,

Table A-8
Estimated Annual Average Employment in_Bristol Bay Salmon Fishing & Processing, 2010
Total AK WA OR CA Other states
Fishing 1,173 622 3256 b7 60 108
Processing 814 106 213 35 297 164
Total 1,987 728 538 92 357 271

Sources: Estimates in Tables IV-b {fishing) and V-6 {processing). Calculated by dividing
assumed seasonal employment by 6, based on the assumption that Bristol Bay seasonal
fishing jobs represent 2 months employment on average.

Note: Estimates are by workers' state of residence.
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Estimation of Direct Income Impacts

The direct income impacts of Bristol Bay salmon and fishing are the income people earn from fishing and
processing in Bristol Bay. As shown in Table A-S, we estimated three components of these direct
income impacts: the income earned by fishing crew, the income of permit holders {(after subtracting
their operating expenses from their gross income), and the income of processing workers.

Table A-9
Estimated Direct Income Impacts of Bristol Bay Salmon Fishing and Processing, 2010
Total AK WA OR CA Other states

Payments to fishing crew (a) | $37,074,363 § $15,451,313 | $13,399,581 | $2,246,435 $2,135,997 $3,841,037

Permit holder income net of

) $72,668,608 $30,760,455 | $25,758,280 | $4,384,347 $4,162,374 $7,603,152
operating expenses (a)

Processor payments to
processing workers (b)
Total $143,706,463 §$50,117,570|%$48,202,930| $8,103,434 |$18,888,7771$18,393,752
Note: Estimates are by state of residence of income recipients.

(a) Source: Appendix B, Table B-5.

(b) Source: Table A-8.

$33,963,492 $3,905,802 $9,045,0869 $1,472,653 | $12,590,406 | $6,949,563

We discuss our estimates of the income of fishing crew and permit holders in Appendix B. Table A-10
shows how we estimated wage earnings of processing workers, starting with total Bristol Bay
processing wage earnings reported by the Alaska Department of Labor and Workforce Development, and
allocating these by states based on the geographic distribution of unemployment insurance payments, in
the same way as we estimated the geographic distribution of processing employment in Table A-6.

Table A-10

Estimated Wage Earnings in Bristol Bay Salmon Processing, 2010

Other Total Non-
Notes Total AK WA OR CA states Alaska

Alaska unemployment
payments to manufacturing
workers, 2010, by state to
which payments were sent
Share of non-Alaska
unemployment payments
Total Bristol Bay processing
industry wage payments
Percent of Bristol Bay
processing wage payments, c 100.0% 11.5% 88.5%
by residency

Bristol Bay processing
industry wage payments, by h $3,905,802 $30,057,690
residency

Assumed non-Alaska wage
payments, by state
Assumed Bristol Bay
payments to processing f $33,963,492 | $3,905,802 {$9,045,069(%$1,472,653|$12,590,406 |$6,949,563
workers, by state

$41,585,887 § $14,342,159 {$8,198,281 |$1,334,785| $11,411,708 |$6,298,954 § $27,243,728

om

b 30.1% 4.9% 41.9% 231% 100.0%

$33,963,492

O

[0}

$9,045,069 {$1,472,653 | $12,590,406 |$6,949,563

Sources and notes: {a) Source: Unpublished data provided by Alaska Department of Labor and Workforce Development, Research and
Analysis Section, for payments to workers in NAICS code 31 (Manufacturing) which is dominated in Alaska by fish processing; (b)
Calculated from (a); {c) Source: ADLWD Bristol Bay Region Seafood Processing Employment and Earnings Data; {d) Calculated from
percentages of workers by residency; {e) Assumed based on (b): assumes that Bristol Bay non-Alaska processing employment and
processing wages were distributed geographically in the same proportion as statewide non-Alaska unemployment insurance payments,
{fy Values calculated in rows above; {g) Calculated by dividing estimated seasonal employment by 6, based on the assumption that Bristol
Bay seasonal processing jobs represent 2 months employment, on average; (h) Calculated from percentages of wage payments by
residency.

47

EPA-6692-0000159



Estimation of Direct Output Value Impacts

The output value of Bristol Bay salmon fishing and processing includes the output value created in fishing
{the ex-vessel value paid to fishermen) and the additional value increases in primary processing (the total
first wholesale value of Bristol Bay production minus the ex-vessel value).

Ex-Vessel Value of Bristol Bay Salmon Harvests

The ex-vessel value of Bristol Bay salmon harvests is the total amount paid to Bristol Bay permit holders
by processors; it is equivalent to permit holders gross earnings. Two sources of data are available for ex-
vessel value:

e (FEC gata: Data published by the Alaska Commercial Fisheries Entry Commission (CFEC) in
several places on the CFEC website at www.ctec.state.ak.us. The data distinguish between the
ex-vessel value of harvests in the drift gillnet and set gilinet fisheries, but do not distinguish
between ex-vessel value by species.

e  ADF&G data. Data published by the Alaska Department of Fish and Game (ADF&G) on the
ADF&G website in annual “Alaska Commercial Salmon Harvests and Ex-Vessel Values” tables at
http:/Awvww.adfg.alaska.gov/index.cfm?adfg=commercialbyfisheryvsalmon.salmoncatch. The data
distinguish between the value of harvests by species, but do not distinguish between the value
of harvests in the drift gilinet and set gilinet fisheries.

As shown in Table A-11, these two data sources provide different estimates of the total value of the
Bristol Bay salmon harvest. In most years the estimates are fairly close, but in 2010—the year for which
we prepared our economic impacts—they differed significantly, by $20 million. It is not clear why they
differ, or which estimate is more accurate. In this report, for our analysis of economic impacts, we used
the lower CFEC estimate of $165 million {shown in the shaded cell of the table) as our assumption for
the 2010 ex-vessel value, because we were also relying on CFEC data for our assumptions about the
distribution of permit holders and permit holder earnings by state. In Chapter Il, for our discussion of
trends over time in Bristol Bay sockeye salmon prices and value {Figure 1l-4) and our discussion of the
relative share of Bristol Bay sockeye salmon in Alaska and world salmon harvest value (Table 11-3) we
used ADF&G data because they are specific to sockeye salmon.

Table A-11
CFEC & ADF&G Estimates of the Ex-Vessel Value of the Bristol Bay Salmon Harvest
Data
source |Species or fishery 2008 2009 2010 2011
CEEC Drift gilinet fishery $100,139,700 $122,005,800 $134,136,756 $131,544,714
data Set gillnet fishery $20,955,694 $26,211,898 $31,022,079 $27,365,503
Total $121,095,394| $148,217,698| $165,158,835 $158,910,217
Sockeye salmon $116,717,000 $144,200,000 $180,818,000 $158,383,000
gathG Other species $2,221,000 $2,075,000 $4,210,000 $2,107,000
Total $118,938,000| $146,275,000/ $185,028,000f $160,480,000

Sources: CFEC Basic Information Tables and CFEC Permit and Fishing Activity Data; ADF&G Alaska
Commercial Salmon Harvests and Ex-vessel Values Reports.
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Increase in Value in Primary Processing

The increase in value in primary processing of Bristol Bay salmon is the total first wholesale value minus
the ex-vessel value. Reliable data on first wholesale value are available from the Commercial Operator
Annual Reports filed every vear by processors, in which they report their total production and total first
wholesale value (FOB Bristol Bay) by product and species. The total first wholesale value of Bristol Bay
production in 2010 was $389,667,996 (the shaded cell in Table A-12). This is one of the most important
numbers reported in this study. It clearly shows that the total direct output value impact of Bristol Bay
salmon fishing and processing in 2010 was very large—measured in the hundreds of millions of dollars.

As will be apparent from Appendixes B and D, estirating the multiplier impacts of Bristol Bay fishing and
processing required us to make numerous “best judgment” assumptions, based on discussions with
industry sources and our own knowledge of the industry, about how payments from first wholesale value
are allocated across industries and states. The uncertainty associated with these assumptions imparts
uncertainty to our estimates of multiplier impacts. However, regardless of how payments from first
wholesale value are allocated by industry or among states, the scale of direct output value impacts
means that the national multiplier impacts of Bristol Bay salmon and processing were also very large.

Table A-12

Volume, First Wholesale Value and Average First Wholesale Price
of Bristol Bay Salmon Primary Production, 2010

Total Frozen Canned Fresh Roe
Volume {pounds) 116,718,352 79,961,576 29,895,751 2,899,396 3,961,628
Value () $258,255,152 | $105,376,086 | $6,119,811 | $19,916,948
Average price ($/1b) $3.23 $3.52 $2.11 $5.03

Source: Alaska Department of Fish and Game, Commercial Operator Annual Reports database.
Note: Excludes small volumes and values of other products for which data were confidential.

Table A-13 summarizes our direct output value assumptions. The direct output value in processing is the
difference between the total first wholesale value of $389,667,996 (from Table A-11) and total ex-vessel
value of $165,158,835 (from Table A-10), or $224,509,160. Qutput value is allocated by the states to
which payments from output value are made. For example, if a processor buys $1,000,000 of cans from
a company in California, that portion of output value is allocated to California. If a permit holders pays
$50,000 to a crew member from Washington, that portion of cutput value is allocated to Washington.
We discuss our assumptions about the allocation of payments among states in detail in Appendix B.
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Table A-13

Estimated Direct Output Value Impacts of Bristol Bay Salmon Fishing and Processing_;, 2010

Total AK WA OR CA Other states
Fishing $165,158,836 | $83,306,625 | $55,577,935 | $7,163,324 $6,807,849 | $12,303,103
Processing $224,509,160 | $43,355,550 | $142,913,670| $6,257,029 | $12,590,406 | $19,392,506
Total $389,667,996 §%$126,662,175 | $198,491,605 | $13,420,353 | $19,398,255 | $31,695,609

Note: Impacts are allocated to the states to which payments are made.

Sources: See Table A-11 for discussion of total output value created in fishing {= total ex-vessel value). See
Table A-12 for discussion of total direct output value (= total first wholesale value). Total direct output value
in processing (= total value increase in processing) was calculated by substracting total ex-vessel value
from total first wholesale value. See Appendix B, and particularly Tables B6 and B8, for discussion of the
allocation of total ouput value (total payments) among states.
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APPENDIX B:
ESTIMATION OF MULTIPLIER ECONOMIC IMPACTS OF
BRISTOL BAY SALMON FISHING AND PROCESSING

The multiplier economic impacts of Bristol Bay salmon fishing and processing are the indirect and
induced impacts on other industries driven by payments of fishermen and processors to businesses and
households. In this appendix, we discuss our estimation of these impacts. We organize our discussion
as follows:

e Estimation of permit holder payments by industry and state
e Estimation of processor payments by industry and state
e Estimation of multiplier impacts using IMPLAN models

Estimation of Permit Holder Payments by Industry and State

We estimated permit holder payments separately for each fishery based on surveys conducted by the
Commercial Fisheries Entry Commission (CFEC) for the 2001 set gillnet fishery and by Northern
Economics for the 2001 set gilinet fishery.

The CFEC survey was conducted in 2002 and received responses from 310 Bristol Bay drift gillnet permit
holders (Schelle, 2002; Carlson, 2002). Subsequently, CFEC used the survey responses and other CFEC
data to estimate nominal average gross earnings, ¢osts and net returns of drift gilinet permit holders for
the years 1983-2003 (Schelle et al, 2004). Table B-1 shows how we used these CFEC estimates of
nominal costs for the years 1983-2003 to estimate total payments of the drift gillnet fishery by category
in 2010.

Note that we could not simply adjust average 1983-2003 payments for inflation, because both catches
and prices varied widely over this period and from 2010. For most payment categories, we assumed,
based on our best judgment, either that average real expenditures remained constant, real expenditures
per pound remained constant, the share of payments in total expenditures remained constant, or a
weighted combination of these assumptions.?

2 As shown in footnote f of Table B-1, crew share was calculated as 22.55% of total earnings. This percentage was
based on the average for the years 1983-2003 of the CFEC estimated crew payment as a percentage of total
earnings minus estimated payments for food and fuel. To be exactly consistent with the CFEC estimates, our
estimated crew payments for 2010 should have been 22.55% of total earnings minus estimated 2010 payments for
food and fuel. This would have resulted in slightly lower estimates of $19,031 for average crew payments and
$28,432,874 for total crew payments—-and correspondingly higher estimates of average returns to labor,
management and investment. However, this would not have made any difference in our economic impact
calculations, because payments to crew and payments to permit holders (as average returns to labor, management
and investment) are assumed to have the same economic impacts and to be allocated among states in the same
way.
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Table B-1

Derivation of Payment Assumptions for the Drift Gillnet Fishery

CFEC estimates of

2010 payment assumptions (b}

average real costs Inflation- Assumed | Assumed total
per drift gillnet Inflation- adjusted payments per| payments by
permit holder, 1983f adjusted average drift gillnet drift gilinet
2003, expressed in] average | CFEC cost | Share of permit holder | permit holders
2010 doilars CFEC cost | perpound | CFEC Other in 2010 in 2010
Payment category (a) {c) {d) cosls () {f) (g) (h)
Food $2,299 1 $2,299 $3,433,982
Fuel, oil and lubricants $2,395 0.5 0.5 $3,089 $4,615,528
Crew payments $21,824 1 $20,247 $30,249,506
Maintenance $3,570 0.5 0.5 $4,305 $6,431,725
Nets $3,010 0.5 0.5 $3,782 $5,651,033
Misc. gear & supplies $1,884 0.5 0.5 $2,314 $3,457,811
Raw fish tax $2,174 1 $2,213 $3,305,851
Transportation $2,957 1 $2,957 $4,417,459
Moorage, gear, storage and hauiout $1,900 1 $1,900 $2,838,262
Insurance $3,347 1 $3,347 $5,000,299
Administrative services $973 1 $973 $1,454,133
Permit renewal fees $586 1 $300 $448,200
Vessel iicense fees $45 1 $45 $67,377
Property Tax $466 1 $466 $696,336
Depreciation
{= Replacement payments for
vessels & gear) (i) $3,078 1 $3,078]  $4,598,642
Avg. Returns to Labor, Management,
and Investment
(= Retained by permit holders) {j) $51,255 $38,468 $57,470,613
Average and total earnings $101,763 $89,784]  $134,136,756

{a) Calculated from K. Schelle, K.lverson, N. Free-Sioan and S. Carlson, Bristol Bay Saimon Drift Gillnet Fishery Optimum Number Report
(2004), Table 3.2a: Bristol Bay Salmon Drift Gillnet Fishery, 1983-2003: Estimated (nominal §) Average Gross Farnings, Costs and Net
Returns . Annual payments converted to real (2010) dollars prior to averaging based on the United States Consumer Price Index.

{b} Relative weight given to four different methods of calculating assumed payments per permit holder in 2010, as described in notes {b)-

(f).

{c) Assumes that 2010 average payments per permit holder were the same as average of CFEC estimated payments for 1983-2003,

expressed in real {2010} dollars.

(d) Assumes that 2010 average payments per pound were the same as average of CFEC estimated payments per pound for 1983-2003,

expressed in real (2010) dollars.

{e) Assumes that 2010 payments were the same share of gross earnings as average of CFEC estimated payments for 1983-2003,

expressed in real (2010} dollars

f} Assumes total crew share of 22.55% of gross eamings; average permit renewal fee is actual 2010 permit renewal fee.

(

{g) Weighted average of four alternative methods of calculating assumed average payments per permit holder in 2010.

(h) Calculated by multiplying average payments per permit holder in 2010 by the total number of permits fished in 2010 (1494),
(

{

i) Depreciation was assumed to equal replacement payments for vessels and gear.

I} Calculated as the residual after deducting all other payments from average and total earmings. Average retums to labor, management
and investment were assumed to equal payments retained by permit holders.

The CFEC cost estimates included depreciation. For our analysis, we assumed that depreciation was
equal to replacement expenditures for vessels and gear. Note that this assumption smooths out wide

variation from year to year in actual replacement expenditures.®

* This variation is apparent from wide variation in the number of Bristol Bay drift gillnet boats in use in the fishery that
were built in different years, which we estimated from the permit and vessel files posted on the CFEC website
(http://www .cfec.state.ak.us/) by matching 2011 permit holders’ vessel ADF&G numbers with the vessel file to get
the year of construction of vessels. Of those 2011 permit holders whose permit file reported vessel ADF&G
numbers, 223 had vessels built in 1980; 102 had vessels built in 1989, and 62 had vessels built in 1988. In dramatic
contrast, only 2 had vessels builtin 2001, only 1 had a vessel built in 2002, and none had a vessel built in 2003.
Clearly, during the period 2001-2003, when economic conditions in the fishery were very poor, very little vessel
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Note also that our assumption that replacement expenditures for vessels and gear equals depreciation
does not account for new investment for upgrading (as cpposed to simply replacing) vessels and gear,
such as investment in larger boats or refrigeration capacity. Thus our analysis understates the economic
impacts of the Bristol Bay fishery on the boat building and boat gear industries, which are based primarily
in Washington State.

As a check on the reliability of our payment assumptions shown in Table B-1, in November 2012 we
conducted a short online survey of 21 Washington residents who held Bristol Bay permits. Of these, 19
responded to questions about their costs in 2011, Note that our survey sample was not random and had
higher average gross earnings ($101,292) than the average reported by CFEC ($85,315) for all drift permit
holders in 2011 (CFEC Basic Information Tables). Thus, to the extent that higher-than-average-earning
fishermen also have higher-than-average costs, we would expect responses of our survey respondents
to be slightly higher than our average payment assumptions for the fishery as a whole. In general, this
appears to have been the case. While our survey size was too small and non-representative to provide a
reliable measure of average payments for the fishery as a whole, nothing in our survey results suggests
that our average payment assumptions for the 2010 fishery, as derived in Table B-1, are unreasonable.

Table B-2
Comparison of Drift Gillnet Permit Holder Average Payment Assumptions with Survey Responses
Assumed
payments per
drift gillnet permit Survey Responses (b)
Payment category holder in 2010 {a) Minimum Average Maximum
Food $2,299 $1,000 $2,213 $4,500
Fuel, oil and lubricants $3,089 $1,580 $4,312 $8,000
Crew payments $20,247 $12,000 $30,512 $77,500
Maintenance $4,305 $1,200 $16,526 $85,000
Transportation $2,957 $1,580 $4,312 $8,000
Insurance $3,347 $1,000 $2,372 $5,000
Other expenses (c) $11,994 $0 $9,490 $27,600
Nets $3,782
Misc. gear & supplies $2,314
Raw fish tax $2,213
Moorage, gear, storage and haulout $1,900
Administrative services $973
Permit renewal fees $300
Vessel license fees $45
Property Tax $466
Depreciation $3,078
Avg. Returns to Labor, Management,
and Investment $38,468
Average and total earnings $89,784 $75,000 $101,292 $180,000
{a) Table B-1.

{b) Responses of 19 Washington State drift gillnet permit holders to an informal survey about operating
expenses during the 2011 salmon season.
(c) Excludes depreciation and average returns to labor, management and investment.

replacement took place. As economic conditions in the fishery improved in recent years, so did the number of boats
being built. Of 2011 permit holders, 6 had boats built in 2009, 15 had boats built in 2010, and 18 had boats built in
2011.
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We based our estimates of 2010 payments from the set gilinet fishery on estimates of average
payments per set net permit holder in 2001, based on the data shown in Table B-3. These data were
reported in an analysis done by Northern Economics (NE) for a 2003 analysis of options for restructuring
the Bristol Bay salmon fishery {Northern Economics, Assessment of Wealth in the Status Quo Fishery,
2003). NE estimated payments for permit holders from three geographic areas {local, other Alaska, and
non-Alaska) and three revenue rankings (low, medium, and high), using data supplied by the Commercial
Fisheries Entry Commission (CFEC) for the number of permits, catches and gross earnings for each
permit group. Note that these should be considered very approximate estimates. As described by
Northern Economics:

“Costs were estimated by Northern Economics through a series of telephone interviews
with set net operators. A total of 15 operators were interviewed in October 2001, and
the results from those interviews along with a set of assumptions on the part of the
analysts were used to estimate typical costs in the set net fishery. Because of the very
limited sample from the set net fishery, the information in the estimates of net revenues
and wealth carries additional uncertainty. It should also be noted that the limited sample
precluded stratification by residence and average catch. None-the-less, adjustments for
residence and catch size were developed by the analysts based on their experience and
judgment.”

Table B-3

Northern Economics' Estimates of Average Earnings and Payments per Permit Holder in the Bristol Bay Set Glinet Fishery, by Class, 2001,
and Estimation of Average Payments per Permit Holder

Estimated
Estimated total, average
all classes payments per
Local permit holders Dther Alaska permit holderg Non-Alaska permit holders combined permit holder
Iltem LR-Low |LR-Med | LR-High JOA-Low| Med. [OA-HighjNA-Low| Med. |NA-High {a) (b)
Number of permits 78 124 143 56 94 112 53 95 87 842
Total catch per permit (lbs) $8,604] $21,929] $40,662] $8,553] $19,948| $37,788] $6,274| $18,191] $33,904 20,801,625
Gross earnings per permit $3,498] $8,798]$16,450F $3,601| $8,229| $15,476] $2,597| $7,553] $13,984 $8,490,824 $10,084
Payments per permit
Crew payments $166 $418 $782 $167 $391 $736 $123 $359 $665 $403,623 $479
Transportaticon $0 $0 $0 $500 $500 $500f $1,000] $1,000] $1,000 $366,000 $435
Food $575 $619 $683 $575 $614 $675 $567 $609 $663 $530,378 $630
Fuel, oil and lubricants $126 $318 $595 $127 $297 $559 $94 $273 $506 $306,922 $365
Maintenance $675 $817| $1,022 $675 $801 $996 $650 $783 $956 $716,757 $857
Nets $4671 $558 $699 $461 $548 $681 $445 $536 $654 $490,110 $582
Misc. gear & supplies $879] $1,085] $1,332 $879] $1,045] $1,298 $848] $1,021] $1,248 $934,269 1,110
Insurance $161 $173 $191 $161 $172 5189 $159 $170 $185 $148,347 $176
Moorage, gear, storage and haulout 5105 $157 $232 $105 $152 $223 $96 5145 $208 $142,937 $170
Raw fish tax $175 $440 $822 $175 $411 $774 $130 $378 $699 $424,491 $504
Vessel license fees $100 $100 $100 $100 $100 $100 $100 $100 $100 $84,200 $100
Permit renewal fees $312 $312 $312 $312 $312 $312 $312 $312 $312 $262,704 $312
Administrative services 365 $165 $308 366 $154 $290 $49 $141 $262 $159,012 $189
Fixed costs $2,765| $3,278| $4,019F $3,265| $3,723| $4,425] $3,678] $4,158] $4,780 $3,231,065 $3,837
Variable costs $1,036] $1,864| $3,0680F $1,036] $1,775] $2,908 $895| $1,669] $2,674 $1,738,714 $2,065
Total costs $3,801] $5,142| $7,0798 $4,301| $5,498| $7,332] $4,573] $5,827| $7.455 $4,969,754 $5,902
Net returns -$302| $3,656| $9,371 -8800] $2,731| $8,144} -81,975] $1,726] $6,530 $3,521,288 $4,182

Source: Northern Economics, Assessment of Wealth in the Status Quo Fishery (2003), Table 21.
(a} Total payments estimated by multiplying average payments per permit by the number of permits for each class, and summing across classes.
(b} Average payments per permit holder estimated by dividing total payments by the total number of set net permit holders.
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Table B-4 shows how we estimated 2010 payments based on the NE estimates of average payments
per permit holder in 2001. We could not simply adjust all 2001 payments for inflation, because both
catches and prices were significantly higher in 2010 than in 2001. For most payment categories, we
assumed either that real expenditures remained constant, real expenditures per pound remained
constant, the share of payments in total expenditures remained constant, or a weighted combination of

these assumptions.

Table B-4

Derivation of Payment Assumptions for the Set-Net Fishery

Weighting of methodologies used to develop
Estimated 2010 payment assumptions {c}
average Inflation-
Estimated payments per § Inflation- | adjusted
average permit holder in adjusted average Assumed Assumed total
payments 2001, average 2001 Share of payments per| payments by
per permit expressed in 2001 payment 2001 permit holder | set-net permit
holder in 2001 2010 dollars payment | perpound |payments| Other in 2010 holders in 2010
Payment category (a) (b) (dh (e) (f) (g) (h) (i)
Food $630 $776 1 $776 $667,769
Fuel, il and lubricants $365 $449 0.5 0.5 $580 $499,151
Crew payments $479 $590 1 $7,927 $6,824,857
Maintenance $851 $1,048 0.5 0.5 $1,354 $1,165,671
Nets $582 $717 0.5 0.5 $926 $797,072
Misc. gear & supplies $1,110 $1,366 0.5 0.5 $1,765 $1,519,413
Raw fish tax $504 $621 1 $1,784 $1,536,135
Transportation $435 $535 1 $535 $460,810
Moorage, gear, storage and haulout $170 $209 1 $209 $179,964]
Insurance $176 $217 1 $217 $186,775
Administrative services $189 $233 1 $233 $200,203
Permit renewal fees $312 $384 1 $150 $129,150
\Vessel license fees $100 $123 1 $123 $106,011
Property Tax 1 $0 $0
Depreciation
(= Replacement payments for
vessels & gear} {j) 1 $1,802 $1,651,104
Avg. Returns to Labor, Management,
and Investment $4,279 $5,268 $17,652 $15,197,995
(= Retained by permit holders) (k)

(a) Source: Table B-3. Estimated frem data in Northern Economics, Assessment of Wealth in the Status Quo Fishery (2003}, Table 21.

(b} Estimated by multiplying 2001 estimates by the ratio of the US CPl in 20710 to the ratio of the US CPI in 2001 (218.056/177.1 = 1.231).

({c}) Relative weight given to four different metheds of calculating assumed payments per permit holder in 2010, as described in notes {d)-(g).

(d) Assumes that average payments per permit holder were the same as in 2001, after adjusting for inflation.
(e) Assumes that average payments per pound were the same as in 2007, after adjusting for inflation.

(f) Assumes that payments were the same share of gross eamings as in 2001.

(g) Assumes crew shares of 10% of earnings per crew for an average of 2.2 crew per permit helder (= 22% of average eamings of $36,030 per permit
holder or 22% of total earnings of $31,022,079); assumes depreciation of 5% of average and gross eamings.

(h) Weighted average of four altemative methods of calculating assumed average payments per permit holder in 2010.

(i) Calculated by multiplying average payments per permit holder in 2010 by the total number of permits fished in 2010 (861).

() Depreciation was assumed to equal replacement payments for vessels and gear.

(k) Calculated as the residual after deducting all other payments from average and total earmnings. Average retums to labor, management and investment
were assumaead to equal payments retained by permit holders.

Table B-5 shows our combined payment assumptions for both the drift gillnet and set gillnet fishery, by
the state of residency of the permit holders. The “Total” column of Table B-5 combines our total
payment assumptions for the drift gilinet fishery {from Table B-1) and the set gillnet fishery {from Table B-
4), The gross earnings rows of the table are CFEC data reported in Table A-3. We assumed that the
share of residents of each state in each type of payment is proportional to their share of earnings. For
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example, since Washington residents accounted for 41.3% of gross earnings in the drift gillnet fishery,
we assume that they also accounted for 41.3% of food payments, fuel payments, and so forth.*

Table B-5
Assumed Total Expenditures of Permit Holders, by Residency of Permit Holders
Total Alaska Washington Oregon California Other States
Gross Earnings $134,136,756| $49,465,892| $55,341,6561| $8,383,182] $8,058,292| $12,887,739
Food $3,433,982 $1,266,357 $1,416,780 $214,815 $206,297 $329,934
Fuel, oil, & lubricants $4,615,528 $1,702,078 $1,804,258 $288,458 $277,279 $443,456
Crew shares {excluding skipper) $30,249,506] $11,155,174] $12,480,230 $1,890,612 $1,817,245 $2,906,345
Maintenance (routine & unexpected) $6,431,725 $2,371,841 $2,853,577 $401,965 $386,387 $617,954]
Nets (hanging, repair, and web) $5,651,033 $2,083,943 $2,331,483 $353,174 $339,487 $542,946|
é Miscellanecus gear & supplies $3,457,811 $1,275,144 $1,426,811 $216,104 $207,729 $332,223
2 |Raw fish tax $3,305,851 $1,219,105 $1,363,216 $206,607 $198,600 $317,623
E Transportation $4,417,459 $1,629,036 $1,822,632 $276,079 $265,380 $424,426
% Mocrage, storage, and haul-out $2,838,262 $1,048,672 $1,171,000 $177,384 $170,502 $272,698]
E Insurance (P&{, hull, lay-up) $5,000,299 $1,843,971 $2,083,008 $312,505 $300,394 $480,424
Administrative services $1,454,133 $536,244 $599,941 $90,879 $37,357 $139,712
Annual permit fee $448,200 $165,284 $184,917 $28,011 $26,926 $43,083
Annual vessel license fee $67,377 $24,847 $27,798 $4,211 $4,048 $6,473
Property Tax $696,336 $256,789 $287,292 $43,519 $41,833 $66,903
Vessel and gear replacement $4,598,642 $1,895,851 $1,897,291 $287.,403 $276,264 $441,833
Retained by permit holders $57,470,613] $21,193,558] $23,711,015 $3,591,757 $3,452,558 $5,521,725
Gross Earnings $31,022,079 |$19,5627,908 | $4,178,869 | $1,617,831 | $1,448,873 | $4,248,599
Food $667,769 $420,350 $89,953 $34,825 $31,188 $91,454
Fuel, cil, & lubricants $499,151 $314,208 $67,239 $26,031 $23,313 $68,361
Crew shares {(excluding skipper) $6,824,857 $4,296,140 $919,351 $355,923 $318,752 $934,692
Maintenance (routine & unexpected) $1,165,671 $733,771 $157,023 $60,791 $54,442 $159,643
Nets (hanging, repair, and web) $797,072 $501,744 $107.371 $41,568 $37.227 $109,162
g Miscellanecus gear & supplies $1,519,413 $956,446 $204,674 $79,239 $70,984 $208,020
E Raw fish tax $1,536,130 $966,972 $206,927 $30,111 $71,745 $210,380
é Transportation $460,810 $290,072 $62,074 $24,032 $21,522 $63,110
%, Moorage, storage, and haul-out $179,964 $113,284 $24.,242 $9,385 $8,405 $24,647
g Insurance (P&, hull, lay-upl $186,775 $117,572 $25,180 $9,741 $8.723 $25,580
Administrative services $200,203 $126,025 $26,969 $10,441 $9,350 $27,419
Annual permit fee $129,150 $31,298 $17,397 $6.735 $6,032 $17.688
Annual vessel license fee $1086,011 $66,733 $14,280 $5,529 $4,951 $14,519
Property Tax $0 $0 $0 $0 $0 $0
Vessel and gear replacement $1,551,104 $976,395 $208,943 $80,892 $72.444 $212,430
Retained by permit holders $15,197,995 $9,566,897 $2,047,265 $792,590 $709.816 $2,081,427
Gross Earnings $165,158,835| $68,893,800 $59,520,520| $10,001,013| $89,507,165| $17,136,338
Food $4,101,750 $1,686,708 $1,5086,732 $249,439 $237,485 $421,387
» |Fuel, cil, & lubricants $5,114,679 $2,016,286 $1,971,496 $314,489 $300,591 $511,817
’% Crew shares {(excluding skipper) $37,074,363] $15,451,313] $13,399,581 $2,246,435 $2,135,997 $3,841,037
é Maintenance (routine & unexpected) $7,597,395 $3,105,612 $2,810,801 $462,756 $440,829 $777,598]
ECS Nets {hanging, repair, and web} $6,448,105 $2,585,687 $2,438,853 $394,742 $376,714 $652,108]
% |Miscellansous gear & supplies $4,977,224 $2,231,591 $1,831.286 $295,343 $278.692 $540,313
§ Raw fish tax $4,841,985 $2,186,078 $1,570,843 $2836,718 $270,344 $528,003
2 {Transportation $4,878,269 $1,919,108 $1,884,613 $300,111 $286,902 $487,53b
«g Mocrage, storage, and haul-out $3,018,226 $1,159,956 $1,195,242 $186,769 $178,914 $297,344]
é Insurance (P&, hull, lay-upl $5,187,074 $1,961,543 $2,088,16b $322,248 $309.117 $5086,004
g Administrative services $1,654,336 $662,268 $826,909 $101,320 $96,708 $167,130
-_E_ Annual permit fee $577,350 $246,582 $202,314 $34,747 $32,968 $60,750
‘Tg Annual vessel license fee $173,388 $91,579 $42,078 $9.739 $3,999 $20,992
= Property Tax $696,336 $256,789 $287,292 $43,519 $41,833 $66,903
Vessel and gear replacement $6,149,746 $2,672,248 $2,108,234 $368,294 $348,708 $6854,263
Retained by permit holders $72,668,608] $30,760,455) $25,758,280 $4,384,347 $4,162,374 $7,603,152

Note: Gross earnings are CFEC data reported in Table A-3. Total payments for each fishery are estimates from Tables B-1 and 8-4. All
payments are allocated among permit holders from different states in proportion to their share of gross earnings.

4 Probably non-Alaska residents should account for a larger share of transportation payments, but we had no clear
way of estimating how much larger. Recall also that many Alaska residents who live in other parts of Alaska also
face high transportation costs to get to Bristol Bay.
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For the purposes of estimating economic impacts, what matters is not where the permit holders who
made the payments lived, but what states they made payments to. Table B-6 shows our assumptions
about how permit holders allocated payments among states, by permit holder residency and type of
payment. A key assumption was that where permit holders made payments to depends upon where
they lived. For example, as shown in the first row of the table, we assumed that Alaska residents spent
100% of their payments for food in Alaska, while residents of other states spent 57% of their payments
for food in Washington {(based on reported responses of Washington State residents to our November
2012 survey of drift gilinet permit holders).

Table B-6
Assumed Distribution of Expenditures by State, by Residency of Permit Holders

Alaska Washington
permit permit Oregon permit California permit Other permit
holders holders holders holders holders
Type of payment AK | WA § AK | WA § AK | WA | OR § AK | WA | CA | AK | WA | OS
Food* 1.00 0.43 ] 0.57 § 0.43 | 0.57 0.43 | 0.57 0.43 | 0.57
Fusel, oil, & lubricants 1.00 1.00 1.00 1.00 1.00
Crew shares (excluding skippern 1.00 1.00 1.00 1.00 1.00
Maintenance {routine & unexpected)* § 1.00 0.711 029 8 0.71 | 0.29 0.71 | 0.29 0.71 1 0.29
Nets (hanging, repair, and web)* 1.00 0.7 1 0.29 ¢ 0.71 | 0.29 0.71 ] 0.29 0.71 1 0.29
Miscellansous gear & supplies 1.00 0.25]1 0.75 ¢ 0.25 | 0.75 0.25 1 0.75 0.251 0.75
Raw fish tax 1.00 1.00 1.00 1.00 1.00
Transportation 1.00 0.10 ] 0.90 § 0.10 0.90 f 0.10 0.90 § 0.10 0.90
Moorage, storage, and haul-out 1.00 1.00 1.00 1.00 1.00
Insurance (P&I, hull, lay-up) 1.00 1.00 0.50 | 0.50 0.50 | 0.50 0.50 | 0.50
Administrative services 1.00 1.00 1.00 1.00 1.00
Annual permit fee 1.00 1.00 1.00 1.00 1.00
Annual vessel license fee 1.00 1.00 1.00 1.00 1.00
Property Tax 1.00 1.00 1.00 1.00 1.00
Vessel and gear replacement 0.20 | 0.80 1.00 1.00 1.00 1.00
Retained by permit holders 1.00 1.00 1.00 1.00 1.00

*Allocation of payments by state for food, maintenance and nets based on November 2012 survey of 21 Washington State
permit holders. Other allocations based on authors' judgment and discussions with industry sources.

Table B7, which is calculated based on the assumptions in Tables B-6 and B-7, shows estimated permit
holder payments by the states to which payments were made. Note that it is the geographical
distribution of these payments among states which drives the geographical distribution of economic
impacts of Bristol Bay fishing.
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Table B-7
Assumed Permit Holder Payments by State

AK WA OR CA Other states
Gross Earnings $62,868,393| $50,354,315| $5,977,872| $5,746,199| $9,189,977
Food $2,196,411 $1,237,570 80 $0 80
Fuel, oil, & iubricants $4,615,528 $0 $0 $0 $0)
Crew shares {excluding skipper) $11,165,174] $12,480,230 $1,890,512 $1,817,245 $2,908,345
Maintenance (routine & unexpected $5,271,758 $1,159,967 $0 $0 $0
o Nets (hanging, repair, and web) $4,631,865 $1,019,169 $0 $0 $0
g Miscellaneous gear & supplies $1,820,811 $1,637,000 $0 $0 $0|
£ |Raw fish tax $3,305,851 $0 $0 $0 $0
E Transportation $1,907,878 $1,640,285 $248,471 $238,842 $381,983
E” Moorage, storage, and haul-out $2,838,262 $0 $0 $0 $0|
E Insurance {P&I, hull, lay-up) $1,843,971 $2,609,667 $156,253 $150,197 $240,212
Administrative services $536,244 $599,941 $90,879 $87,357 $139,712
Annual permit fee $448,200 $0 $0 $0 $0|
Annual vessel license fee $67,377 $0 $0 $0 $0|
Property Tax $696,336 $0 $0 $0 $0
Vessel and gear replacement $339,170 $4,259,471 $0 $0 $0
Retained by permit holders $21,193,558| $23,711,015 $3,591,757 $3,452,558 $5,521,725
Gross Earnings $20,438,233| $5,223,620| $1,185,452| $1,061,650| $3,113,126
Food $526,611 $141,157 $0 $0 $0
Fuel, oil, & iubricants $499,151 $0 $0 $0 $0|
Crew shares (excluding skipper) $4,296,140 $919,351 $355,923 $318,752 $034,692
Maintenance {routine & unexpected $1.042,271 $123,400 $0 £0 $0
Nets (hanging, repair, and web) $712,693 $84,379 $0 £0 $0
E Miscellaneous gear & supplies $1,097,188 $422,225 $0 $0 $0|
2 |Raw fish tax $1,536,135 $0 $0 $0 $0)
E Transportation $307,146 $55,867 $21,628 $19,370 $56,799
=) Moorage, storage, and haul-out $179,964 $0 $0 $0 $0)
E Insurance (P&, hull, lay-up) $117,572 $47,181 $4,870 $4,362 $12,790
Administrative services $126,025 $26,969 $10,441 $9,350 $27,419
Annual permit fee $129,150 $0 $0 $0 $0)
Annual vessel license fee $106,011 $0 $0 $0 $0)
Property Tax 30 $0 $0 $0 $0
Vessel and gear replacement $195,279]  $1,355,825 $0 $0 $0
Retained by permit holders $9,566,897 $2,047,265 $792,590 $709,816 $2,081,427
Gross Earnings $83,306,625| $55,677,935| $7,163,324| $6,807,849] $12,303,103
Food $2,723,023 $1,378,728 $0 $0 $0
2 Fuel, oil, & jubricants $5,114,679 $0 $0 $0 $0|
‘% |Crew shares {excluding skipper) $15,451,313] $13,399,581 $2,246,435 $2,135,997 $3,841,037
.é Maintenance {routine & unexpected $6,314,029 $1,283,367 $0 $0 $0
'g Nets {(hanging, repair, and web) $5,344,557 $1,103,548 $0 $0 $0
S |Miscellaneous gear & supplies $2,917,999 $2,059,225 $0 $0 $0|
é Raw fish tax $4,841,985 $0 $0 80 $0
2 |Transpertation $2,215,024 $1,696,152 $270,100 $258,211 $438,782
g Moorage, storage, and haul-out $3,018,226 $0 $0 $0 $0)
é Insurance (P&, hull, lay-up) $1,961,543 $2,656,848 $161,123 $154,559 $253,002
£ |Administrative services $662,268 $626,909 $101,320 $96,708 $167,130
 |Annual permit fee $577,350 30 $0 30 $0
% Annual vessel license fee $173,388 $0 $0 $0 $0)
" I Property Tax $696,336 $0 $0 30 $0
Vessel and gear replacement $534,449]  $5,615,296 $0 $0 $0
Retained by permit holders $30,760,455] $25,758,280 $4,384,347 $4,162,374 $7,603,152
Source: Calculated from Tables B5 and B6.
58

EPA-6692-0000170



Estimation of Processor Payments by Industry and State

Almost no data are publically available for Bristol Bay processors’ costs or their payments by state,
except for payments for labor, taxes and fish. Our other assumptions about processor payments are
based almost entirely on discussions with industry sources and our best judgment about processors'

average processing costs per pound.

The largest payment by processors is to fishermen to purchase fish. This payment is the ex-vessel
value. We omit ex-vessel value from this discussion of processor payments. Our focus is on payments
from the increase in value by processors, or total first wholesale value minus ex-vessel value.

Table B-8 shows the increase in value by Bristol Bay salmon processors in 2010, expressed both in
dollars and alsc on a per pound basis. Note that value increase per pound may be expressed either as
value increase per round (harvested) pound or as value increase per processed pound. Value increase
per processed pound is smaller, because processed volume is smaller than harvested volume, as parts of
the fish (heads, guts, etc.) are discarded during processing.

Table B-8

Increase in Value by Bristol Bay Salmon Processors, 2010

Source or calculation

Total first wholesale value FOB Bristol Bay

ADG&G COAR database data reported in Table A-12

$389,667,996

Ex-vessel value paid to permit holders

CFEC data reported in Table A-3

$165,158,835

Increase in value by Bristol Bay processors

First wholesale value - Ex-vessel value

$224,509,161

Production volume ADG&G COAR database data reported in Table A-12 116,718,352
Harvest volume CFEC data reported in Table A-3 181,226,365
Value increase per processed pound Value increase/ Production volume $1.92
Value increase per round (harvested)} pound  |Value increase / Harvest volume $1.24
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Table B-9 summarizes the assumptions which we used to estimate processor payments. We discussed
our assumptions about payments to labor {wage payments to processing workers) in Table A10. For all
other payment types, we assumed average total costs (payments) either per round pound or per
processed pound, as shown in the table, based on discussions with processors and our best judgment.®
Similarly, we allocated payments among states based on discussions with processors and our best
judgment. Note that we allocated most payments to Washington, where all the large Bristol Bay
processors are headgquartered, and where most processing supplies and services are purchased.

Table B-S

Assumptions Used to Calculate Estimated Processor Payments in 2010

(expressed in dollars per round or processed pound)

Assumptions about total payments Assumed shares of payments, by state

Assumed total Assumed total

payments per payments per Other
Payment type round lb processed Ib AK WA OR CA States

Total payments by processors (a) $1.24 $1.92 _
Labor Estimates derived in Table A-10 Estimates derived in Table A-10
Tendering $0.17 20% 70% 10%
Maintenance $0.25 10% 90%
Packaging $0.20 60% 40%
Fishermen's support services $0.10 30% 61% 9%
Variable supplies $0.09 20% 70% 10%
State & local taxes $0.06
Fuel $0.06 25% 75%
Utilities $0.06 100%
Insurance $0.03 100%
Food $0.04 10% 90%
Air travel $0.04 5% 95%
Fixed supplies $0.03 10% 80% 10%
Rents & leases $0.01 100%
cher payments and returns to Total payments minus other assumed 59 90% 59
investment payments

(a) Source: Table B-8.

* Note that it is a very difficult task, even for processors, to estimate total costs or costs per pound in processing.
Costs per pound vary, sometimes widely, by product, by year, and between processors. Labor costs depend on the
timing and volume of the fish run, which affects the extent to which processors need to pay overtime to keep up
with the volume of fish that must be processed, or alternatively pay food and housing costs for workers who are not
working because there are no fish to be processed. To different extents and in different ways, processors allocate
fixed costs between Bristol Bay salmon processing operations and other operations in Alaska and other states. Even
where data are available about the costs for particular operations, it is difficult to generalize from these to the costs
of the entire industry.
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Table B-10 summarizes our assumptions about direct payments generated by Bristol Bay fishing and
processing in 2010, based on the data, assumptions and analysis reported earlier in this appendix.

Table B-10

Assumed Direct Payments from Bristol Bay Fishing and Processing, by State, 2010

State to which payments were made

Total first wholesale value FOB Bristol Bay {a)

\Value increase in Bristol Bay by processors {(a)

Ex-vessel value paid to permit holders {(a)

Alaska

Washington

Oregon

California

Other States

Payments by processors (b) $224,509,1680] $43,355,550[$142,913,670| $6,257,029( $12,590,406| $19,392,506
Labor $33,963,492 $3,905,802 $9,045,069 $1,472,653 $12,590,406 $6,949,663
Tendering $31,5633,386 $6,306,677 $22,073,370 $3,1563,339 $0 $0
Maintenance $29,179,588 $2,917,959 $26,261,629 $0 $0 $0
Packaging $23,343,670 $0 $14,006,202 $0 $0 $9,337,468
Fishermen's support services $18,122,636 $5,436,791 $11,054,808 $1,631,037 $0 $0
\ariable supplies $10,604,652 $2,100,930 $7,353,256 $0 $0 $1,050,465
State & local taxes $9,909,530 $9,909,530 $0 $0 $0 $0
Fuel $7,409,027 $1,852,257 5,556,770 0 0 $0
Utilities £7,003,101 $7,003,101 $0 $0 30 $0
Insurance $5,436,791 $0 $5,436,791 $0 $0 $0
Food $4,668,734 $466,873 $4,201,861 $0 %0 $0
Air travel $4,668,734 $233,437 4,435,297 50 $0 $0
Fixed supplies £3,601,5651 $350,155 $2,801,240 $0 0 £350,185
Rents & leases $1,167,184 $1,167,184 $0 $0 $0 $0
Other payments and retumns to investment $34,097,086 $1,704,854| $30,687,377 $0 $0 $1,704,854
Payments by permit-holders {c} $165,158,836] $83,306,625 § $55,577,835] $7,163,324! $6,807,848] $12,303,103
Crew shares {excluding skipper) $37,074,364 $15,451,313 $13,399,581 $2,248,435 $2,135,997 $3,841,037
Maintenance {routine & unexpected) $7,597,395 $6,314,029 $1,283,367 $0 $0 $0
Nets {hanging, repair, and web) $6,448,105 $5,344,557 $1,103,548 $0 30 $0
Vessel and gear replacement {d) $6,149,746 $534,449 $5,615,296 $0 30 $0
Insurance (P&, hull, lay-up) 5,187,074 1,961,543 $2,656,848 $161,123 $154,5569 $253,002
Fuel, oil, & lubricants $5,114,679 $5,114,679 50 50 $0 $0
Miscellaneous gear & supplies $4,977,224 $2,917,999 $2,059,225 $0 $0 $0
Transportation $4,878,269 $2,215,024 $1,696,152 $270,100 $268,211 $438,7862
Raw fish tax 4,841,985 $4,841,985 $0 $0 &0 $0
Food $4,101,750 $2,723,023 1,378,728 $0 $0 $0
Moorage, storage, and haul-out $3,018,226 $3,018,226 $0 $0 $0 30
Administrative services $1,654,336 $662,268 $626,909 $101,320 $96,708 $167,130
Property tax $696,336 $696,336 $0 $0 $0 $0
Annual permit fee $5677,350 $577,350 $0 $0 $0 £0)
Annual vessel license fee $173,388 $173,388 $0 $0 $0 $0
Hetained by permit holders (e} $72,668,608 $30,760,455 $25,758,280 $4,384,347 $4,162,374 $7,603,152

{a) Source: Table B-8; derived from data reported in Tables A-3 and A-12.
{b) Payments from value increase in Bristol Bay by processors {excludes payments to permit holders for fish). Calculated based on
assumptions shown in Table B-9. Total payments by state are sums of payments estimated for payment categories.

{c) Payments from ex-vessel value paid to permit holders, from Table B-8.

{d) Assumed to equal depreciation

{e}) Returns to permit holders’ labor, management and investment
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Estimation of Multiplier Economic Impacts of Bristol Bay Salmon Fishing and Processing

As discussed in Appendix D, we used the payment assumptions in Table B-10 as inputs to the national
IMPLAN model as well as the state-level IMPLAN models for Alaska, Washington, Oregon and California
to estimate multiplier {indirect and induced) economic impacts of Bristol Bay salmon fishing and

processing in 2010. Table B-11 shows our resulting economic impact estimates.

Table B-11

Estimated Economic Impacts of Bristol Bay Salmon Fishing and Processing, 2010

Measure |Type of impact Total US Alaska Washington Oregon California Other states
Direct effect 1,987 728 538 92 357 271
Annual Indirect effect 2,370 761 1,212 57 4 336
average |Induced effect 3,482 578 1,025 106 245 1,529
employment{Multiplier effect 5,862 1,338 2,237 163 249 1,865
Total effect 7,839 2,067 2,775 255 606 2,137
Direct effect $143,706,464F $50,117,570] $48,202,930 $3,103,434| $18,888,777 $18,393,752
Indirect effect $111,622,227¢ $37,988,890] $53,955,158 $2,704,107 $266,830] $16,707,242
Income  |Induced effect $156,420,295§ $23,975,329] $43,666,690 $3,982,928] $11,854,314] $72,941,034
Multiplier effect $268,042,6228 $61,964,219] $97,621,848 $6,687,035| $12,121,144] $89,648,276
Total effect $411,748,986F $112,081,789] $145,824,779] $14,790,469] $31,009,921| $108,042,028
Direct effect $389,667,996f $126,662,175] $198,491,605] $13,420,353] $19,398,255] $31,695,609
Output Indirect effect $310,685,906f $88,414,231] $155,525,182 $7,149,132 $742,553]  $58,864,809
value Induced effect $490,516,601 $72,592,909] $132,244,901 $11,707,734] $35,799,082| $238,171,974
Multiplier effect $801,202,507§ $161,007,140] $287,770,083| $18,856,865] $36,541,636] $297,026,783
Total effect $1,190,870,503¢ $287,669,315] $486,261,688] $32,277,218] $55,939,890| $328,722,392
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ESTIMATION OF DOWNSTREAM ECONOMIC IMPACTS OF
THE BRISTOL BAY SALMON INDUSTRY

APPENDIX C:

The downstream economic impacts of the Bristol Bay salmon industry are those driven by the
transportation, secondary processing, warehousing, distribution and retailing of Bristol Bay salmon which
occurs in other states. Table C-1 summarizes our estimates of the volumes of Bristol Bay salmon
shipped to other states, the volumes sold in the U.S. domestic market, and selected other assumptions
for our downstream ecocnomic impact analysis.

Table C-1
Assumed End-Markets for Bristol Bay Salmon Production, 2010
Frozen Canned Fresh Roe Total
Total production 80.0 29.9 2.9 4.0 116.7
Millions of Exr‘aorted directly from Bristol Bay 39.8 0.0 0.5 4.0 44.3
pounds Shipped to other states 40.2 29.9 2.4 0.0 72.4
Exported from other states 25.2 26.9 0.2 0.0 52.2
Sold in US domestic market 15.0 3.0 2.2 0.0 20.2
Total production 100% 100% 100% 100% ¢ 100%
sh ‘ Exported directly from Bristol Bay 50% 0% 19% 100% 38%
are o
production Shipped to other states 50% 100% 81% 0% 62%
Exported from other states 31% 90% 6% 0% 45%
Sold in US domestic market 19% 10% 76% 0% 17%
Mode of t rtation to oth .
ode of transportation to other Sea Sea Air
states
Assumed states to which 100% to 50% to Washington
Other foroducts were initially shipped Washington 50% to Oregon
assumptions _ Filleting
Tvpes of §econdary prpcessyng, portioning, Warshousing &
warehousing and labeling prior to . .
B . reboxing, labeling
distribution to retailers .
smoking

Sources: ADF&G COAR Data; NMFS Fisheries Trade Data, and discussions with industry sources, as discussed in Appendix C.

In this appendix, we discuss our estimation of selected downstream economic impacts associated with
transportation, secondary processing and other value adding, and distribution and retailing of Bristol Bay
salmon. We organize our discussion as follows:

e FEstimation of payments for marine transportation and secondary processing of frozen salmon
e Estimation of payments for marine transportation, warehousing and labeling of canned salmon

e Estimation of payments for distribution and retailing of Bristol Bay salmon products

e FEstimation of economic impacts and contributions using IMPLAN models
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Estimation of Payments for Marine Transportation and Secondary Processing of Frozen Salmon

Table C-2 documents our estimation of end-markets for Bristol Bay frozen salmon production. We based
our estimates on data for total Alaska frozen sockeye production, total Bristol Bay frozen sockeye
production, total US exports of frozen sockeye salmon and US exports of frozen sockeye directly from
Alaska. Note that no data are available on exports of frozen sockeye salmon specifically from Bristol Bay.
We assumed that the share of Bristol Bay frozen sockeye salmon which is exported directly is the same
as the share of Alaska frozen sockeye salmon which is exported directly.

Table C-2
Estimation of End-Markets for Bristol Bay Frozen Sockeye Salmon, 2010
Source Volume (Ibs)
Primary production |[Total Alaska production a 113,360,244
of frozen sockeye  |Bristol Bay production b 79,961,576
salmon Bristol Bay share 71%
Total US exports c 92,087,890
Exports of frozen
Exports from Alaska c 56,428,432
sockeye salmon
Exports from other states c 35,659,458
Exported from Alaska c 56,428,432
A dend
ssumed en Exported from other . 35,659,458
markets for total states
Alask ducti ' i
aska production [Consumed in the United d 21,273,054
States
Exported from Alaska e 39,803,007
Assumed end Ehlppeddt? otherstates f 40,158,570
markets for Bristol Xported from other e 25,153,164
) states
Bay production c T Uiy
onsumed in the Unite o 15,005,406
States
Exported from Alaska 49.8%
Shipped to other states 50.2%
Assumed end- Exported from other g 31 5%
market shares for ~ |States : :
Bristol Bay Consumed in the United g 18.8%
production States :
Share of shipments to
other states consumed in h 37.4%
the US

(a) Source: Alaska Department of Fish and Game, Commercial Operator Annual
Reports, data provided by ADF&G December b, 2012,

(b} Source: Alaska Department of Fish and Game, Commercial Operator Annual
Reports, data provided by ADF&G August 2,2011.

(c ) National Marine Fisheries Service, Foreign Trade in Fisheries Products

website, http /Mwww.st.nmfs.noaa.gov/stl/trade/

(d) Total Alaska production minus total exports

(e) Calculated as Bristol Bay share of total production x assumed end markets
for total Alaska production. Assumes that markets for Bristol Bay sockeye
salmon are the same, proportionally, as for all Alaska frozen sockeye.

(f) Total Alaska production minus volume exported from Alaska.

{g) Calculated from assumed end market volumes
{h) Volume consumed in the United States / Volume shipped to other states
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Table C-3 documents our estimation of expenditures associated with marine transportation of Bristol Bay
frozen sockeye salmon in 2010. Key assumptions are that the average cost of shipping frozen salmon to
the United States was $.26/Ib, and that all frozen salmon not exported directly was shipped to

Washington State.

Table C-3

Estimation of Expenditures Associated with
Marine Transportation of Bristol Bay Frozen Sockeye Salmon, 2010

Line Assumption or calculation Notes Total Washington
1 Volume of frozen Bristol Bay salmon shipped to other 5 40,158,570
states (Ibs)
5 Average first vvhplesale price of frozen Bristol Bay b $3.23
salmon (FOB Bristol Bay)
3 |Value of frozen salmon shipped to other states c $129,701,765
4 [Marine transportation cost per pound d $0.26
5 Total exp_endltur_es for marine 'transportatlon = value o $10.441.228
increase in marine transportation
6 |Total value after shipping to other states f $140,142,993
7 |Average value per pound after shipping g $3.49
8 Assum_ed allocation of marine transportation d 100.0% 100.0%
expenditures, by state
9 ,SAtsaigmed marine transportation expenditures, by h $10.441228 | $10.441 228

{a) Source: Table C-2; (b) Source: Table A-11; (¢ ) Line 1 x Line 2; {(d) Assumed based on
discussions with industry sources; (e ) Line 1 x Line 4; (f) Line 3 + Line 5; (g} Line 2 + Line 4; (h)
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Table C-4 documents our estimation of the increase in value associated with secondary processing of
Bristol Bay frozen sockeye salmon in other states. Key assumptions included the relative share of
primary product forms produced in Bristol Bay {Line 3), the types of secondary processing in other states
{Lines 6 and 7); the increase in value per pound for each type of secondary processing {Line 12), and the
share of secondary processing occurring in Washington State {line 14). Note that all of these
assumptions were based on discussions with industry sources. We had no independent source of data
for these assumptions, and neither did our industry sources, except for their own costs and product
allocations. Thus these assumptions should be considered reasonable approximations of the types of
secondary processing which occurred and the extent of value added, but not precise estimates.

Table C4

Estimation of Expenditures Associated with Secondary Processing of Bristol Bay Frozen Sockeye Salmon in Other States

Line |Assumption or calculation Notes
| Total value of frozen .Br|.stol Bay salmon shipped to a $140,142,993
other states, after shipping
Vaccum-pack Vacuum-
2 {Primary product forms produced in Bristol Bay b All ﬁIIetsp pack 1QOF fillets Headed & Gutted
portions
3 Assumed sh.are of frozgn salmaon shipped to other b 100% 15% 5% 20% 60%
states, by primary product form
] 1 54 shi ) 4
4 Volume of‘fro.ze.rv swlm.on hlpp?d to the Lower 48 R 40,158,570 6,023,785 2.007,928 2031714 24,095,142
for secondary processing, by primary product form
5 |Average value per pound after shipping a $3.49 $3.49 $3.49 $3.49 $3.48
Portions Fillets
(includes . )
cutting (includes
6 |Types of secondary processing in other states b All Re-Boxing Re-Boxing ro Iazin’ thawing, Smoking
glazing, fillting,
boxing & refreezing)
bagging} nd!
Assumed share of secondary processing type, by . ,
7 ) b 100% 100% 100% 90% 10%
primary product form
8 [Volume before secondary processing d 40,158,570 6,023,785 2,007,928 8,031,714 21,685,628 2,409,514
9 [Value before secondary processing e $140,142,993 § 521,021,449 {$7,007,150] $28,028,599 §$75,677,216 | $8,408,5680
10 |Assumed secondary processing yield b 100% 100% 90% 70% 70%
11 |Secondary product volume f 32,126,856 6,023,785 | 2,007,928 | 7,228,543 15,179,939 | 1,686,660
19 |fAssumed increase in value per pound b $0.25 $0.25 $1.00 $2.10 $5.50
(secondary product weight basis)
13 llncrease in value in secondary processing g $50,390,974 $1,505,946 | $501,982 | $7,228543 §$31,877,873 | $9,276,630
4 .Asst{me.d share of increase in value which occurs b 100.0% 100.0% 100.0% 800% 20.0%
in Washington
21 |Estimated increase in value in Washington i $42,160,073 $1,605,946 | $501,982 | $7,228,543 §5$25,502,298| $7,421,304
26 |Value after secondary processing i $190,533,966

(a} Source: Table C-3; (b} Assumed hased on discussions with industry sources; (¢ ) Total volume from Table C-2, volume by secondary processing type
allocated by shares in line 7; (d) Headed & gutted volume allocated by shares in line 7; (e } Line 5 x Line 11; {f} Line 8 x Line 10; (g} Line 11 x Line 12; (h)
20% non-Washington share allocated to other states in proportion their share of the total 2010 United States population excluding Washington state; (i}
Line 13 x Line 14, {j} Line 13 x Lines 16-19.

Note that we only estimated the increase in value associated with secondary processing which occurs
nationally and in Washington. Our estimates of downstream economic impacts for Oregon do not
include impacts of secondary processing which occurs in Oregon.
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Estimation of Payments for Marine Transportation, Warehousing and Labeling of Canned Salmon

All Bristol Bay canned salmon production is shipped to warehouses in Washington and Oregon where it
is stored and labeled prior to shipments as sales are made over the course of the year. Table C-5
documents our estimation of payments associated with shipping, warehousing, storing and labeling

canned salmon.®

Table C-5

Estimated Expenditures of Bristol Bay Processors for Canned Salmon
Shipments to Wareshouses, Storage, and Labeling, 2010

Storage All cost
Freight Handling | (assumes Handling categories
south in 5 months) Labeling Out Ink Jettingd combined
Rates paid per case*
Talls $2.790 $0.169 $0.370 $0.700 $0.180 $0.044
Halves $1.500 $0.096 $0.295 $0.700 $0.107 $0.044
Quarters & Four-Pound $0.960 $0.048 $0.145 $0.720 $0.054 $0.044
Total cost ($)**
Talls $673,070] $40,770f $89,260 $168,870| $43,4241 $10,615§ $1,026,009
Halves $3,177,266| $203,345| $624,862| $1,482,724| $226,645] $93,200f $5,808,043
Quarters & Four-Pound $124,372 $6,219 $18,785 $93,279 $6,996 $5,700 $255,351
All sizes combined $3,974,708| $250,334} $732,908] $1,744,874| $277,065| $109,6157 $7,089,402
Assumed share of
payments by state
Washington 50% 50% 50% 50% 50% 50%
Oregon 50% 50% 50% 50% 50% 50%
Estimated
expenditures by state
Washington $1,987,354| $125,167| $366,454 $872,437| $138,632| $54,757F $3,544,701
Oregon $1,987,354] $125,167| $366,454 $872,437| $138,532] $54,757] $3,5644,701

Rates paid per case based on discussions with industry sources. **Assumes, based on discussions with
processors and other industry sources, that 100% of Bristol Bay canned salmon was shipped to other states, and
that 2010 production was 241,244 cases of talls, 2,118,117 cases of halves, and 129,554 cases of quarters and
four-pound cans (24-can case basis}.

® We consider these assumptions relatively reliable. The distribution of canned product by can sizes is based on a
reliable industry data source, and the rates paid per case were provided by a Bristol Bay canned salmon processor.
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Estimation of Payments for Distribution and Retailing of Bristol Bay Salmon Products

We next discuss, in turn, our assumptions for payments associated with the distribution and retailing in
the United States of Bristol Bay frozen salmon, canned salmon, and fresh salmon. As discussed in
Appendix D, we use these payment assumptions as inputs to the IMPLAN national model to estimate
national economic contributions of retailing and distribution of Bristol Bay salmon preducts.

We had no data on the costs associated with distribution and retailing or the prices at which products
were sold at retail. Costs and prices of Bristol Bay salmon products vary widely depending upon the
geographic region, product form, and types of retail or food service outlet. It was far beyond the scope
of this project to collect this kind of information.

For this reason, our assumptions about payments for distribution and retailing of Bristol Bay salmon are
based upon a single simple assumption: that distribution and retailing increases the value of Bristol Bay
salmon products by 50% over their value after transportation to the United States and initial seconaary
processing and/or warehousing/labeling. We consider this a conservative assumption based on retail
prices we have observed for Bristol Bay salmon products in many parts of the United States, but it is not
based on any formal data collection or analysis of sockeye salmon retail prices.’

Because they are based on this single simple but conservative assumption, our estimates of economic
activity associated with distribution and retailing of Bristol Bay salmon products in the United States
should be considered estimates of what the associated jobs, income and output value would be if the
average increase in value were 50 %, rather than estimates of what the jobs, income and output value
actually are. Put differently, they may be viewed as a conservative estimate or low estimate of the
potential jobs, income and output value associated with US distribution and retailing of Bristol Bay
salmon products.

Tables C-8, C-7 and C-8 show how we estimated the increase in value in US distribution and retailing of
Bristol Bay frozen, canned and fresh salmon, respectively.

"In estimating the total increase in value in 2010 value for all commercial marine fishery products in the United
States, the National Marine Fisheries Service (NMFS, 2011} assumed a 62.7% mark-up of fishery inputs in secondary
wholesale and processing of edible fishery products, a 33.4% markup of fishery inputs in retail trade from stores,
and a 182.4% markup of fishery inputs in retail trade from food service (NMFS, Fisheries of the United States, 2010
(2011, page 79).
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Table C-6

Estimation of Increase in Value in United States Distribution
and Retailing of Bristol Bay Frozen Sockeye Salmon

Line Assumption or calculation Notes Amount

1 Assumed value of Bristol Bay frgzer\ sockeye . $190,533,966
salmon after secondary processing

) Shgre of secondary production consumed in the b 37 4%
United States

3 \/alge of secondary production consumed in the . $71,193,756
United States

— ,

4 Assumed % increase ih value from secondary q 50.0%
wholesale value to retail

5 Total value increase in distribution and retailing e $35,596,878

6 Total value after retail markup f $106,790,634

{a) Source: Table C-4; (b)Source: TableC-Z;{c)Line 1 x Line 2; {d} Conservative
assumption for average total markup percentage from wholesale value after
secondary processing to retail value for sockeye products sold in the United States;
{e }Line 3 x Line 4; (f Line 3 + Line b.

A challenge in estimating US consumption of Bristol Bay canned salmon is that reported United States
exports of canned sockeye salmon significantly exceed reported Alaska production of canned sockeye

salmon, as shown in Figure C1. We are unable to explain this. Clearly, the United States cannot

continuously export more canned sockeye salmon than it produces. Possibly the Alaska production data

are under-reported, the US export data are miscoded, or the two data sources calculate volume
differently. In any case, the data suggest that most canned Alaska sockeye salmon are probably

exported. However, the fact that canned sockeye salmon can readily be found on US retail shelves
shows that clearly some canned sockeye salmon is consumed domestically. For the purposes of our
analysis, we made the simple assumption that 90% of Bristol Bay canned sockeye salmon is exported,
and 10% is consumed domestically (Table C-7).

Figure C-1
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Table C-7

Estimation of Increase in Value in United States Distribution
and Retailing of Bristol Bay Canned Sockeye Salmon

Line Assumption or calculation Notes Amount
Total first wholesale value of Bristol Bay canned salmon
! production FOB Bristol Bay @ $105,376,086
2 |Share of Bristol Bay canned salmon shipped to other states b 100.0%
3 |Estimated increase in value in shipping C $3,974,708
4 |Estimated increase in value in warehousing/labeling C $3,114,695
5 |Total value after shipping and warehousing/labeling d $112,465,488
6 |Assumed share sold in the United States e 10%
7 |Total value FOB warehouse of product sold in the United States f $11,246,549
8 [Assumed increase in value in distribution and retailing (%) g 50%
9 |Assumed increase in value in distribution and retailing ($) h $5,623,274
10 |Assumed retail value 10 $16,869,823

{a) Source: Table A-12; (b) Assumed based on US trade data and discussions with industry
sources; (¢) Calculated from Table C-4; (d) Sum of Lines 1, 3 and 4; (e) Assumed: see
discussion in text; (f) Line 5 x Line 6. {g) Assumed: see discussion in text; (h) Line 7 x Line §;
(i) Line 7 + Line 9.

C-8 shows how we estimated the increase in value in US distribution and retailing of Bristol Bay fresh
salmon. The table includes an assumption that the air freight rate for all Bristol Bay fresh salmon
averages $.50/lb. We have no data for average air freight rates, but consider this a reasonable
assumption. Alaska Airlines’ Seafood Express Rate Sheet (rates and destinations effective September
14, 2011) lists a rate of $.52/lb for 1000-b shipments from Dillingham and King Salmon (Zone 1C) to
Seattle (Zone 4) {http://vwww .alaskaair.corm/~/media/Files/PDF/Cargo/FZ-27-Seafood-Express-201303.odf).
We include this payment for air freight with our assumptions for payments driving the economic
contribution of retailing and distribution of Bristol Bay salmon.
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Table C-8

Analysis of End-Markets for Bristol Bay Fresh Salmon Production and Estimation of Increase
in Value in US Distribution and Retailing of Bristol Bay Fresh Salmon, 2010

Notes | Volume (lbs}

Total Alaska production a 17,463,319
Fresh sockeye salmon Bristol Bay production b 2,899,396
production (Ibs) Bristol Bay share of total Alaska 17%

production
Bristol Bay fresh salmon first Bristo! Bay first who!lesale value . b $6,119,811
wholesale value & price Bristol Bay average first wholesale price b $2 11

{$/1b)

Total US exports c 4242182
Exports of fresh sockeye Exports from Alaska c 3,236,734
salmon {lbs)

Exports from other states c 1,005,448

Exports from Alaska 3,236,734
Assumed end markets for Exports from other states 1,005,448

total Alaska production {Ibs)

US domestic consumption d 13,221,138
Exported from Bristol Bay e 19%
Assumed end market shares

. ) Exported from other states e 6%

for Bristol Bay production - -
US domestic consumption e 76%
A d end cots f Exported from Bristol Bay f 537,388
;sume en marle s for Exported from other states f 166,932

Bristol Bay production {Ibs) : .
US domestic consumption f 2,195,076
Assumed air freight rate for all Bristol Bay g $050

fresh salmon ($/1b)
Air freight expenditures Estimated air freight expenditures $1,449,698
Average first wholesale price after air
freighting ($/1b)

Assumed retail markup percentage for
US domestic production over Bristol Bay h 50%
wholesale value and air freight
Assumed retail increase in value for
Bristol Bay fresh salmon consumed in i $2,865,364
the United States
(a} Source: Alaska Department of Fish and Game, Commercial Operator Annual Reports, data
provided by ADF&G December b, 2012.

(b} Source: Alaska Department of Fish and Game, Commercial Operator Annual Reports, data
provided by ADF&G August 2, 2011.

{c } National Marine Fisheries Service, Foreign Trade in Fisheries Products website,
http://www.st.nmfs.noaa.gov/st1/trade/

{d} Alaska production minus total exports

(e} Assumes the same end market shares for Bristol Bay fresh sockeye are for all Alaska

sockeve
{f) Calculated from Bristol Bay production and assumed end market shares

{g} Assumed based on Alaska Airlines Seafood Express Rate Sheet

(http:/Avww alaskaair.com/~/media/Files/PDF/Cargo/F7-27-Seafood-Express-201303.pdf)

(h} Conservative assumption for average total markup percentage from wholesale value after air-
freighting to retail value for sockeye products sold in the United States

(i} 2,195,076 Ibs consumed domestically x $2.61 wholesale price x 50% markup.

$2.61

Retail increase in value
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Estimation of Economic Impacts and Contributions Using IMPLAN Models

Table C-9 summarizes our assumptions of the payments generated by selected “downstream”

econcmic activities in the United States utilizing Bristol Bay salmon in 2010.

Table C-9

Summary of Assumptions for Payments Generated in Selected

Bristol Bay Salmon "Downstream® Economic Activities, 2010

Source
Activity table fUnited States § Washington Cregon
Assumptions used to [Marine transportation of frozen salmon C-3 $10,441,2280 $10,441,228
. estimate eCeONOMIC e 7 on salmon secondary processing C-4 $50,390,974] $42,160,073
impacts of shipping to
other states and Marine transportation of canned salmon C-5 $3,974,708] $1,987,354| $1,987,354
secondary processing fcanned salmon warehousing and labeling | C-5 $3,114,695F $1,557,347| $1,557,347
Assumptions used to EDistribution & retailing of frozen salmon C-6 $35,596,878
estimatle elconomc Distribution & retailing of canned salmon C-7 $5,623,274
contributions in
nationwide distribution JAIr transportation of fresh salmon C-8 $1,449,698
and retailing Distribution & retailing of fresh salmon C-8 $2,865,364

As discussed in Appendix D, we used the payment assumptions in the top half of Table C-9 as inputs to
the national IMPLAN model and the state-level IMPLAN models for Washington and Cregon, to estimate
downstream economic impacts of marine transportation of frozen and canned salmon, secondary
processing of frozen salmon, and warehousing and labeling of canned salmon. Table C-10 shows our
estimates of the combined economic impacts of these activities.

Table C-10

Estimated "Downstream"® Economic Impacts of Marine Transportation of
Frozen and Canned Salmon, Secondary Processing of Frozen Salmon, and
Warehousing and Labeling of Canned Salmon

Measure |Type of impact Total US Washington Oregon
Direct effect 191 156 15
Annual Indirect effect 243 103 12
average |Induced effect 319 126 12
employment |Multiplier effect 563 229 24
Total effect 754 385 39
Direct effect $13,110,295] $10,968,827 $854,146
Indirect effect $15,750,564 $6,340,422 $518,616
Income  |Induced effect $14,312,471 $5,388,473 $443,453
Multiplier effect $30,063,035¢F $11,728,895 $962,070
Total effect $43,173,3297 $22,697,723 $1,816,216
Direct effect $67,813,7761 $56,014,272 $3,513,633
Output Indirect effect $66,205,5928 $21,131,321 $1,346,748
value Indu_ce_d effect $44,774,640F $16,309,863 $1,302,219
Multiplier effect $110,980,232] $37,441,185 $2,648,967
Total effect $178,794,007] $93,455 456 $6,162,600

72

EPA-6692-0000184




As discussed in Appendix D, we used the payment assumptions in the bottom half of Table C-9 as inputs
to the national IMPLAN model to estimate nationwide economic activity associated with distribution and
retailing. These estimates are shown in Table C-11.

Table C-11

Estimated Economic Contributions of Distribution and Retailing
of Bristol Bay Salmon Products in the United States, 2010

Measure |Type of effect Activity
Direct contribution 787
Annual Indirect contribution 112
average Induced contribution 312
employment [Multiplier contribution 425
Total contribution 1,212
Direct contribution $22,691,854
Indirect contribution $5,625,023
Income Induced contribution $14,006,490
Multiplier contribution $19,631,513
Total contribution $42,323,367
Direct contribution $45,535,217
Indirect contribution $16,938,512
Output —
value Induced contribution $43,815,952
Multiplier contribution $60,754,465
Total contribution $106,289,681

Summary of Estimated Direct, Multiplier and Downstream Economic Impacts and Contributions

Tables C-12, C-13 and C-14 on the following page summarize all of the direct, multiplier and downstream
economic impacts and contributions we estimated for this study.
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Table C-11

Estimated Employment Impacts and Contributions of the Bristol Bay Salmon Industry, 2010 {(annual average employment)

Impact driver| Type of impact Total US Alaska Washington Oregon California Other states
Fishing and {Direct impact 1,987 728 538 92 357 271
primary  {Indirect impact 2,370 761 1,212 57 4 336
processing |Induced impact 3,482 578 1,025 106 245 1,529
in Bristol  [Multiplier impact 5,852 1,338 2,237 163 249 1,865
Bay Total impact 7,839 2,067 2,775 255 606 2,137
Shipping to |Direct impact 191 156 15
other states |Indirect impact 243 103 12
and Induced impact 319 126 12
secondary |Multiplier impact 563 229 24
processing |Total impact 754 385 39
Direct contribution 787
Nationwide |Indirect contribution 112
distribution |induced contribution 312
and retailing |Muitiplier contribution 425
Total contribution 1,212
Total impacts and contributions 9,804
Table C-12
Estimated Income Impacts and Contributions of the Bristol Bay Salmon Industry, 2010 ($)
Impact driver| Type of impact Total US Alaska Washington Oregon California Other states
Fishing and |Direct impact $143,706,464f $50,117,570] $48,202,930 $3,103,434] $18,888,777f $18,393,752
primary  |indirect impact $111,622,227F $37,988,890] $53,955,158 $2,704,107 $266,830] $16,707,242
processing |induced impact $156,420,295f $23,975,329] $43,666,690 $3,982,928] $11,854,314] $72,941,034
in Bristol  |Muitiplier impact $268,042,522f $61,964,219] $97,621,848 $6,687,035] $12,121,144] $89,648,276
Bay Total impact $411,748,986F $112,081,783) $145,824,779]  $14,790,469] $31,009,921f $108,042,028
Shipping to |Direct impact $13,110,295 $10,968,827 $854,146
other states |Indirect impact $15,750,564 $6,340,422 $518,616
and Induced impact $14,312,471 $5,388,473 $443,453
secondary |Muitiplier impact $30,063,035 $11,728,895 $962,070
processing |Total impact $43,173,329 $22,697,723 $1,816,216
Direct contribution $22,691,854
Nationwide |Indirect contribution $5,625,023
distribution |Induced contribution $14,008,490
and retailing | Multiplier contribution $19,631,513
Total contribution $42,323,367
Total impacts and contributions $497,245,682
Table C-12

Estimated Output Value Impacts and Contributions of the Bristol Bay Salmon Industry, 2010 (§)

Total contribution

$1086,289,681

Total impacts and contributions

$1,475,954,191
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Impact driver| Type of impact Total US Alaska Washington Oregon California Other states
Fishing and {Direct impact $389,667,996f $126,662,175] $198,491,605 $13,420,353 $19,398,255 $31,695,609
primary Indirect impact $310,685,906 $88,414,231] $155,525,182 $7,149,132 $742,553 $58,854,809
processing |Induced impact $490,516,601 $72,592,909] $132,244,901 $11,707,734 $35,799,082f $238,171,974
in Bristol  |Muttiplier impact $801,202,507F $161,007,140] $287,770,083 $18,856,865 $36,541,636f $297,026,783
Bay Total impact $1,190,870,503] $287,669,315| $486,261,688 $32,277,218 $55,939,890| $328,722,392
Shipping to |Direct impact $67,813,775 $56,014,272 $3,513,633
other states |Indirect impact $66,205,592 $21,131,321 $1,346,748
and Induced impact $44,774,640 $16,309,863 $1,302,219
secondary |Muitiplier impact $110,980,232 $37,441,185 $2,648,967
processing |Total impact $178,794,007 $93,455,456 $6,162,600
Direct contribution $45,535,217
Nationwide |Indirect contribution $16,938,512
distribution |induced contribution $43,815,952
and retailing |Multiplier contribution $60,754,465
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APPENDIX D:
USE OF IMPLAN MODELS FOR ECONOMIC IMPACT ANALYSIS

We estimated economic impacts of the Bristol Bay salmon industry using the IMPLAN impact
assessment modeling system. IMPLAN was originally developed by the US Forest Service and is now
made available by subscription through MIG, Inc. (http:/implan.com/V4/Index.php). It is widely used for
economic impact analyses by federal, state, and local governments, universities, and private consultants.
At the center of IMPLAN is a set of national, state level and country level input-output models
constructed with region specific data derived primarily from government sources including the Bureau of
Economic Analysis, the Bureau of Labor Statistics, and the US Census.

Each input output model is a matrix representation of the inter-industry monetary flows within the region
(including governments and households). This matrix can be used to estimate the total employment
{measured as annual average jobs), income, gross receipts (output value), and value added (output minus
the cost of intermediate inputs) generated by the introduction of a new economic activity into a region {or
of an activity currently taking place within the region). The model takes as input a set of industry specific
expenditures and tracks the flow of those dollars as they are re-spent through the other industries within
the region (the multiplier effect). The output of the model is a series of estimates {employment, income,
gross receipts, and value added by industry) of the total economic activity in the region attributable to the
new activity.

These estimates include both the indirect and the induced effects of the activity. The indirect effectis a
measure of effects of the business to business purchases while the induced effect is a measure of
effects of purchases by households from income generated by the business expansion.

For this analysis we used the IMPLAN national input output model to estimate the total economic
significance of Bristcl Bay salmon fishing and processing, as well as downstream activities, for the entire
nation.

We used state level models for the four western states—Alaska, Washington, Oregon, and California-- to
generate estimates of economic impacts of Bristol Bay salmon fishing and processing in each of these
states.®

We also used the Washington model to estimate economic impacts of marine transportation, secondary
processing of frozen salmon, and canned salmon warehousing and labeling in Washington. Similarly, we

¥ Note that the multiplier (induced and indirect) impacts estimated for the four western states reflect only
those driven by the direct effects in each state. For example, the multiplier effects estimated for
California are only those resulting from payments made to California households or California businesses,
as those payments generate additional payments within California. They exclude those resulting from
payments made to Washington households or businesses which generate payments to California
households or businesses. Thus, by using state level models, we understate the multiplier effects of
Bristol Bay salmon fishing and processing within the four western states. To address this concern, we
created a separate model that combined the models for the four western states. This four-state model
contained a set of inter-regional trade flow matrices which captured the interstate flow of purchases by
an industry in one state from each of the others. However, the difference in estimated multiplier impacts
was so0 small that we only report the estimates based on the state level models.
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also used the Oregon model to estimate economic impacts of canned salmon warehousing and labeling
in Oregon.

We estimated direct, indirect and induced economic impacts cf Bristol Bay salmon fishing and
processing for other states as the difference between national economic impacts and estimated
economic impacts for each of the four western states.

Allocation of Payments to IMPLAN Industries

The inputs that generate the model results are payments associated with fishing, primary processing,
transportation, secondary processing, marine transportation of frozen and canned salmon, air
transportation of fresh salmon, secondary processing of frozen salmon, warehousing and labeling of
canned salmon, and distribution and retailing of Bristol Bay salmon products. To use the IMPLAN model,
we needed to allocate these payments to IMPLAN industry sectors.

Tables D-1 shows our allocations from payment categories to IMPLAN industries for Bristol Bay fishing.
Where there was not an cbvious match these allocations were necessarily somewhat subjective. Note
however that payments to all industries have multiplier effects, and particularly for smaller payments the
allocations have relatively little effect on the overall estimated impacts of the Bristol Bay salmon industry.

Table D-1
Allocation of Bristol Bay Fishing Payments to IMPLAN Industries
IMPLAN
commodity
Fishing payment category code IMPLAN Industry
Maintenance {routine & unexpected) 3039 Maintained and repaired nonresidential
structures
Nets (hanging, repair, and web) 3085 All other textiles
Fuel, oil, & lubricants 3115 Refined petroleum products
Depreciation (boat building & repair) 3291 Boats
Miscellaneous gear & supplies 3311 Sporting and athletic goods
Food 3324 Retail services-food and beverage
Transportation 3332 Air transportation services
Moorage, storage, and haul-out 3340 Warehousing and storage services
Insurance (P&l, hull, lay-up) 3357 Insurance
Administrative services 3386 Business support services
Raw fish tax 3437 State & local government ,non-education
Annual permit fee 3437 State & local government ,non-education
Annual vessel license fee 3437 State & local government ,non-education
Property tax 3437 State & local government ,non-education

We allocated crew share payments and returns to labor, management and investment to household
categories. IMPLAN has nine different income groupings with each of these categories having a distinct
spending pattern based on the National Income and Product Accounts (NIPA) and the personal
consumption expenditure. We allocated crew share payments to households who earn between 25,000
and 35,000 (sector 10004). We allocated permit holder net earnings to households who earn between
75,000 and 100,000 (sector 10007).
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Tables D-2 shows our allocations from payment categories to IMPLAN industries for Bristol Bay primary
processing. We allocated processing labor payments to households who earn between 25,000 and
35,000 (sector 10004). We allocated processor profits to households who earn more than 150,000
{sector 10009).

Table D-2
Allocation of Bristol Bay Processing Payments to IMPLAN Industries
IMPLAN commodity

Processing payment category code IMPLAN Industry
Utilities 3031 Elctricity and distribution services
Maintenance 3039 Maintained and repaired nonresidential
structures
Fuel 3115 Refined petroleum services
Food 3324 Retail services-food and beverage
Air travel 3332 Air transportation Services
Tendering 3334 Water transportation Services
Insurance 3357 Insurance
Rents & leases 2365 Commeroial and Industrial machinery and
equipment rental
Fishermen's support services 3386 Business support services
State & local taxes 3437 State & local government, non education
33%: 3149 Other plastic products & computer
Fixed supplies terminals
67%: 3236 Other computer peripheral equipment
Variable supplies 62%: 3014 Animal products
38%: 3061 Seafood products
Packaging 88%: 3190 Metal cans ,boxes,etc & plastics
12%: 3142 Packaging materials.

Table D-3 shows our allocations of payments from downstream industries to IMPLAN industries.

Table D-3
Allocation from Downtream Industries to IMPLAN Industries
IMPLAN commodity

Downstream industry code IMPLAN Industry

Marine transportation 3334 Water transportation services
Air transportation 3332 Air transportation services
= " salmon ndar 50%: 3228 Material handling equipment

foze S.a on secondary 50%: 3142 Plastics packaging materials and
processing unlaminated films & sheets
Canned salmon warehousing 50%: 3061 Seafood products
& labeling 50%: 3389 Other suport services
Distribution and retailing of 3324 Retail services-food and beverage
salmon products
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APPENDIX E:
ESTIMATION OF EXPORT VALUE AND DOMESTIC CONSUMPTION
OF BRISTOL BAY SOCKEYE SALMON

Chapter VI includes estimates of the value of Bristol Bay sockeye salmon exports and of domestic
consumption of Bristol Bay sockeye salmon.

To develop these estimates, we began by calculating the share of Bristol Bay production in total Alaska
production of frozen sockeye salmon, canned sockeye salmon, fresh sockeye salmon and sockeye
salmon roe, using ADF&G COAR data. To estimate export volumes and value of Bristol Bay sockeye
salmon products, we multiplied these shares by the total US export volumes and values of the
corresponding products, as reported in NMFS Fisheries Trade data.

We estimated total US domestic consumption of frozen sockeye salmon as total Alaska production
minus total US exports of frozen sockeye salmon, as reported in NMFS Fisheries Trade data. We
estimated US domestic consumption of frozen Bristol Bay sockeye salmon by multiplying estimated total
US domestic consumption by the Bristol Bay share of Alaska frozen sockeye production.

We estimated the Bristol Bay share of selected US seafood product exports as shown in the Table E-1.

Table E-1

Value of Bristol Bay Sockeye Salmon Exports as a Percentage of Value

of Selected US Fish Exports and Import Product Categories, 2010
Bristol Bay sockeye
export value as a % of

Export or Import Category Source Value value
Total Bristol Bay sockeye salmon exports (estimated) a $252,284

Frozen a 134,937

Canned a 95,702

Fresh a 1,728

Roe a 19,917
Total US sockeye salmon exports, all products b $341,977 74 %

Frozen b, e $191,299 71%

Canned b, e $109,190 88%

Fresh b, e $10,409 17%

Roe c, e $31,078 64%
Total US salmon exports, all species and products d $3898,790 28 %

Fresh and frozen salmon d, e $591,587 23%

Canned salmon d, e $179,424 53%

Salmon roe d, e $127,779 16%
Total US edible fish exports, all species d $4,379,760 6%
Total US salmon imports (all species and products) d $1,755,481 14%
Total US edible fish imports (all species and products) d $14,807,678 2%

(a} Estimates in Table E-1. Note: Value is for calendar year exports.

{b} NMFS fisheries trade data reported in Table E-1. Note: Export value shares correspond to shares of
Bristol Bay production in total Alaska production.

{c} Sockeye salmon roe production as reported in ADFG COAR data; assumed to be 100% exported.
(d} NMFS, Fisheries of the United States, 2010.

(e} Percentage is % of corresponding Bristol Bay sockeye salmon export product.
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APPENDIX F:
COMPARISONS WITH OTHER RECENT ECONOMIC IMPACT
ANALYSES OF THE BRISTOL BAY SALMON INDUSTRY

Two recent analyses, listed in the box below, estimated economic impacts of the Bristol Bay salmon
industry. We refer to these as the “Goldsmith” and “Schwoerer” analyses.®

Both the Goldsmith and Schwoerer analyses were relatively small parts of larger studies, involving other
authors, which examined a much wider range of economic topics related to Bristol Bay salmon, including
economic impacts of sport and subsistence fisheries and net economic values of Bristol Bay salmon
resources. Our discussion here is limited solely 1o these studies’ analyses of economic impacts of the
commercial salmon fishery.

Table F-1 {on the following page) compares the employment and income impact estimates of the
Goldsmith and Schwoerer analyses with those of this report. For those impacts for which all three
studies estimated comparable types of impacts, the estimated economic impacts were fairly close and
certainly consistent with each other, given the fact that the analyses were done for three different years.

The major difference between the studies is that the Goldsmith and Schwoerer analyses estimated only
those multiphier impacts which occurred in Alaska. They did not attempt to estimate the multiplier
impacts which occurred in other states. Since the multiplier impacts which occur outside Alaska (the
shaded cells in the table) are large—this study estimates they are two to three times as large as those
which occur in Alaska—the total economic impacts estimated in the Goldsmith and Schwoerer analyses
are much smaller.

The Goldsmith and Schwoerer analyses also did not estimate downstream economic impacts and
contributions of the Bristol Bay salmon industry, as was done for this study.

Recent Economic Impact Analyses of the Bristol Bay Salmon Industry

Goldsmith, Scott. 2007. Economic Significance. Pages 92-105 of Duffield, J., D. Patterson, and C.
Neher, Fconomics of Wild Salmon Watersheds: Bristol Bay, Alaska Report prepared for Trout Unlimited,
Alaska, February 2007).

http://www .bber.umt.edu/pubs/survey/Economics % 200f%20Wild%20Salmon %20
Ecosystems%20in%20Bristol%20Bay_2007.pdf

Schwoerer, Tobias. Fconomic Significance of Healthy Salmon Fcosystems in the Bristol Bay Region.
Pages 171-198 ot Bristol/ Bay Wild Salmon Fcosystem Baseline Levels of Fconomic Activity and Values,
in Volume 3, Appendix E of Environmental Protection Agency, An Assessment of Potential Mining
Impacts on Salmon Fcosystems of Bristol Bay, Alaska, External Review Draft, EPA 910-R-12-004d, May
2012. http://www?2.epa.gov/bristolbay.

9 Dr. Scott Goldsmith is one of the authors of this study, and a colleague of the other authors at the University of
Alaska Anchorage Institute of Social and Economic Research (ISER). Tobias Schwoerer is also an ISER colleague of
the authors.
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Table F-1

Comparison of Selected Recent Economic Impact Analyses of the Bristol Bay Salmon

Goldsmith Schwoerer This report
Type of  [Year for which impacts were estimated 2005 2009 2010
impact Pages reporting economic estimates 98 183 21, 74
Seasonal Direct impacts
emplovment Alaska 4,177 4,341 4,369
ploy Other states 8,308 7,231 7,552
Direct impacts
Alaska 1,008 707 728
Other states 1,968 1,190 1,259
Annual Multiplier impacts
, average Alaska 1,263 1,586 1,338
Estimated
; employment § Other states
economic :
impacts of Total impacts
. Alaska 2,271 2,293 2,066
Bristol Bay
Other states
salmon and = ;
orocessing irect impacts
Alaska 26,627 40,307 50,118
Other states 52,693 94,233 93,589
Income Multiplier impacts
($000) Alaska 41,371 54,705 61,694
Other states
Jotal impacts
Alaska 67,797 95,102
Other states
Downstream [Total annual average employment
impacts  fTotal income ($000)

Note: Shaded cells are impacts estimated in this report which were not estimated in the Goldsmith
and Schwoerer analyses.
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APPENDIX G:
DATA SOURCES FOR THE BRISTOL BAY SALMON INDUSTRY

Arich variety of data exists for the Bristol Bay salmon industry. However, the data can be difficult and
confusing to work with, for a number of reasons. Some data are not published, and are available only
upon request from Alaska state government agencies. Many data series are available only for limited
periods of time: some have been discontinued and are not available for recent years; others have been
collected or published only beginning relatively recently and are not available for earlier years. Many data
series are inconsistent: reports published by the same agency in different years may provide different
data for the same series. Preliminary data (particularly for prices and values) are often revised later,
sometimes substantially. Some kinds of data are confidential except when aggregated for minimum
threshold numibers of permit holders, processors or other firms. Some kinds of data are proprietary
{particularly price data gathered by private market information services). What data mean, how they
were collected or estimated, and how reliable they are is often undocumented and unclear. For all these
reasons, technical economic analysis of Bristol Bay salmon industry data can be confusing for both the
analyst and for the reader.

This appendix describes the major data sources we used for this analysis, and a few other useful
sources, in alphabetical order of the names used to refer to them (shown in bold font).

ADFG Commercial Operator Annual Report (COAR) Data. In April of every year, all Alaska fish
processors are required to submit “Commercial Operator Annual Reports” to the Alaska Department of
Fish and Game. In these reports they are required to report the total volume of fish purchased, by
species and area; the total amount paid for fish purchased, by species and area; the total volume {weight)
of production, by product, species and area; and the total first wholesale value of production. Information
about the COAR reporting forms is at;

http://iwww.adfg.alaska.goviindex.cim?adfg=fishlicense.coar

The COAR data are not posted on the internet or published regularly by ADF&G (which is unfortunate),
but are available by special request from ADF&G. The data used for this report were provided on August
2, 2011 to Gunnar Knapp and were saved as Excel file “Statewide and regional COAR production 1984-
2011 provided by ADFG 8-2-11.xIs.” Average “first wholesale prices” were calculated by dividing first
wholesale value by production volume.

ADFG Alaska Commercial Salmon Harvests and Ex-vessel Values Reports. These reports provide
summary annual data for each of 11 Alaska salmon harvest areas. The data include average fish weight,
average price per pound, numbers of fish, harvest volume in pounds, and estimated value in dollars.
Prices for the most recent year are generally preliminary estimates based on fish tickets and reports from
area managers. Prices for earlier years are generally based on “Commercial Operators Annual Report
and area staff reports.” The reports are available at:

http/iwww.adfg.alaska.goviindex.cim?adfg=commercialbyfisherysalmon.salmoncatch

ADFG Salmon Ex-Vessel Price Time Series by Species 1984-2011. This is a two-page table of ex-
vessel prices by species, 1984-2011, for the following areas: Cook Inlet, Kodiak, Alaska Peninsula, Bristol
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Bay, Prince William Sound, Southeast, and Statewide. The original source is cited as the Commercial
Operator Annual Reports database.
http://www . adfg.alaska.gov/static/fishing/PDFs/commercial/84-11exvl.pdf

ADLWD Bristol Bay Region Fishing and Seafood Industry Data. The Alaska Department of Labor and
Workforce Development (ADLWD) Research and Analysis Division posts a variety of economic
information for the Bristol Bay Seafood Industry on its “Bristol Bay Region Fishing and Seafood Industry
Data” website at:

hitp://labor.alaska.gov/research/seafood/seafoodbristol. htm.

ADLWD Bristol Bay Region Fishing Employment Estimates. These are fish harvesting employment
estimates posted on the ADLWD Bristol Bay Region Fishing and Seafood Industry Data website as
Alaska Department of Labor and Workforce Development, Fish Harvesting Employment by Species and
Month, 2001-2011, Bristol Bay Region,
http:/laborstats.alaska.gov/seafood/BristolBay/BBAvgMonthlvRegSpc.pdf.

ADLWD Bristol Bay Region Seafood Processing Employment and Eamings Data. These are data for
the years 2001-2011 for Bristol Bay region seafood processing total worker count, percent nonresident
workers, wages, and percent nonresident wages, posted on the ADLWD Bristol Bay Region Fishing and
Seafood Industry Data website as Alaska Department of Labor and Workforce Development, Bristol Bay
Region Seafood Industry, 2001-2011, Processing, at:
http:/flaborstats.alaska.gov/seatood/BristolBay/BBSFPOver.pdf.

ADOR Annual Salmon Price Reports. Every year, “large” Alaska salmon processors (those with sales
exceeding 1 million pounds in the previous calendar year) are required to report sales volumes and first
wholesale values for major salmon product categories to the Alaska Department of Revenue. Annual
statewide summary reports of these data are available on the Alaska Department of Revenue’s Tax
Division Reports website at:

http://www . tax.alaska.gov/programs/reports.aspx

Once on this page, click on “Alaska Salmon Price/Production.” Note that the “Annual Salmon Price
Reports” differ from (and sometimes are inconsistent with the “Annual Salmon Production Reports” and
“Monthly Salmoen Price Reports” which are also available at the same website.

ADOR Monthly Salmon Price Reports. Every four months, large Alaska salmon processors (those with
sales exceeding 1 million pounds in the previous calendar year) are required to submit salmon price
reports to the Alaska Department of Revenue for the following four-month periods: January-April, May-
August , and September-December.

The reports include sales volumes and first wholesale values for major salmon product, by area and
month. Summaries of the data from these reports, for each four-month period, are available on the
Alaska Department of Revenue's Tax Division Reports website at:

http://www.tax.alaska.gov//programs/reports.aspx.
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Once at this page, click on “Alaska Salmon Price/Production.” Note that these “Monthly Salmon Price
Report” differ from (and sometimes are inconsistent with the “Annual Salmon Price Reports” and the
“Annual Salmon Production Reports” which are also available at the same website. Data are not
reported for product-area-month combinations for which fewer than three processors reported sales.

CFEC Basic Information Tables. The Commercial Fisheries Entry Commission (CFEC) posts “Basic
Information Tables” for each Alaska salmon fishery on its website at:

http://www.cfec. state.ak us/obit/MNUSALM. htm

These tables provide a useful summary of trends since 1975 in each salmon fishery for numbers of
permits issued/renewed, numbers of permits fished, total pounds harvested, average pound harvested,
gross earnings, average earnings, and average annual permit prices. The most recent data currently
available are for 2010.

CFEC Data for Alaska Salmon Harvests 1980-2005, 1980-2005: CFEC Alaska Salmon Summary Data
1980-2005 061113. These are Commercial Fisheries Entry Commission data for Alaska commercial
salmon harvest (number of fish, pounds, earnings, and price), by species, for the years 1980-2005. This
tile was prepared by the Commercial Fisheries Entry Commission on March 31, 2005, in response to a
request by Professor Gunnar Knapp of the University of Alaska Anchorage Institute of Social and
Economic Research (ISER). The data was provided as an Excel file named SWPrices.xls, containing the
worksheet of this file named "Criginal data." Professor Knapp maintains a copy of the file named
“CFEC_Alaska_Salmon_Summary_Data _1980-2005.xls.” The data were calculated from CFEC fish
ticket database. The harvest and earnings figures include set and drift gill net, test fishing, confiscated
and educational permit harvests, and any other harvest where the product was sold.

CFEC Data for Bristol Bay Salmon Harvests 1975-2003. These are Commercial Fisheries Entry
Commission data for Bristol Bay commercial salmon harvests for the years 1975-2003, provided by Kurt
Iverson, June 9, 2004, as file BBayEarnHarv1.xls. The data were calculated from CFEC fish ticket
database. The harvest and earnings figures include set and drift gill net, test fishing, confiscated and
educational permit harvests, and any other harvest where the product was sold.

CFEC Permit and Fishing Activity Data. The Commercial Fisheries Entry Commission (CFEC) posts
annual data on permit and fishing activity by year, state, census area and Alaska city on its website at:

http: //iwww.cfec.state.ak usfishery statistics/earnings.htm

For each state, census area and city in which permit holders reside, and for each fishery for which
residents held permits, data include the number of permits issued, number of permit holders, number of
permits with recorded landings, total pounds landed and estimated gross earnings. Earnings data are
confidential for fisheries in which fewer than four permit holders in a census area or community had
landings.

FAO FishstatJ Database. FAQO FishstatJ is software for fishery statistical time series developed by the
Food and Agricultural Organization of the United Nations (FAQ) Fisheries and Aquaculture Department,
based in Rome. The software is designed to be used with global datasets for capture (wild) fisheries
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catches and aquaculture production, by species, country and year. The software and the global datasets
can be downloaded from the FAQ Fisheries and Aquaculture Department website at;

http:/Awww fao.org/fishery/statistics/software/fishstati/en

NMFS Commercial Fishery Landings Database. The Naticnal Marine Fisheries Service (NMFS) Office of
Science and Technology maintains an online database of US Commercial Fishery Landings {volume and
value) by state, species and year. Customized datasets for Alaska and other states may be downloaded
from NMFS Commercial Fishery Landings website at:

http./Awww . st.nmfs.noaa.gov/stl/commercial/index.html

NMFS Foreign Trade in Fisheries Products Data. The National Marine Fisheries Service posts very
detailed data online about U.S. exports and imports of fisheries products at:

http:/fwww.st.nmis.noaa.gov/st1/trade/

The export data in this report were calculated from the “Monthly Trade Data by Product,
Country/Association” option at this website.

NMFS Major Ports Data. The National Marine Fisheries Service publishes an annual report entitled
Fisheries of the United States which provides a wide variety of useful data on United States fisheries. A
regular table in this report (on page 7 in recent years), entitled “Commercial Fishery Landings and Value
at Major U.S. Ports,” lists the value and volume of landings for the top 50 United States ports (ranked by
value). The FAisheries of the United States reports are available at:

http://www.st.nmis.noaa.gov/st1/publications. html
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Pebble Limited Partnership
Peabble Project
Pebble Mine Site - Closure Water Management Plan

The Pebble Project (the Project) is a proposed mining development of a copper-gold-molybdenum deposit
located approximately 238 miles southwest of Anchorage, Alaska, and 17 miles northwest of the village of
fliamna. The deposit is situaled on a drainage divide at the headwalers of three waterways, with the Upper
Talarik (UT) draining to the east, and the North Fork Koktuli (NFK) and South Fork Kokiuli (8FK) draining
to the west and southwest, respactively. The Project location and general arrangement for the final year of
operations {maximum footprint) are provided on Figure 1.1.

The deposit will be mined by open pit methods feeding an associated process plant with a planned average
throughput of 180,000 tons per day {ipd), over an operatling life of 20 vears. The milling procass produces
wo streams of tailings; a bulk tailings stream and a pyritic tallings stream. The Bulk Tailings Storage Facllity
(Bulk TSF} will manage non-potentially acid generating tailings (bulk tailings), and the Pyritic Taillings
Storage Facliity (Pyritic TSF) will manage pyritic tailings, which are Potentially Acid Generating (PAG), and
PAG waste rock from the mining activities.

The Project will be closed following operations by decommissioning and reclaiming all Project facilities to a
level that achieves long-term stability and compliance with applicable regulatory requirements. The pyritic
tailings and PAG waste rock that were managed within the Pyritic TSF during operations will be transferred
to the Open Pit and submerged within the Pit Lake. The water level of the Pit Lake will be maintained at a
level such that the pit will act as a sink for nearby groundwater (Piteau 2018}, Surplus water from the Pit
Lake will be treated and discharged. Following the closura of the site, the only facilities remaining will be
the reclaimed Bulk TSF and associated ssepage collection ponds (including the Bulk TSF Main SCP), a Pit
Lake, and a water {reaiment plant and associated support infrastructure. All other Project facilities will be
decommissioned and/or removed and reclaimed.

The purpose of this report is to describe the water management plan for the mine site area during closure
activities {e.g. while the Project facilities are being decommissioned and reclaimed) and for the long-term
staady-state closure conditions {e.g. when the closure of all facilities meet applicable closure criteria and
regulations). This closure water management report includes the following:

+ A description of how mine affected water and stormwater will be managed at the mine site throughout
the closure phases

e Demonstration of the principles for the management of the water levels within the Open Pit, 30 that
there are no unconirolled releases (surface water or groundwater) from the pit over a full range of
potential climate conditions, including prolonged wet periods

« Quantification of the surplus flows available for treatment and discharge, and

¢ Water quality predictions for the major water management facilities and water treatment plants.
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Pebble Limited Partnership
Peabble Project
Pebble Mine Site - Closure Water Management Plan

The following documents are relevant to this Closure Water Management report, and should be raeviewed
in conjunction with this report;

» Pebble Mine Site — Operations Water Management Plan (KP Reference Number VA101-176/57-4),
(KP 2018a)

¢ Hydrometeorology Report (KPP Reference Number VA101-176/57-2), (KPP 2018b)

¢ Pabble Project Supplemental Environmental Baseline Data Report 20042012 Chapter 8. Groundwater
Hydrology Bristol Bay Drainages. Prepared for The Pebble Partnership (PLP 2015a), and

e Pebble Project Supplemental Environmental Baseline Data Report 2004-2012 Chapter 8. Water Quality
Bristol Bay Drainages. Prepared Tor The Pebble Partnership (PLP 2015b).
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Pebble Limited Partnership
Peabble Project
Pebble Mine Site - Closure Water Management Plan

A summary of the hydrometeorological and groundwater characteristics for the Pebble Project are provided
in the Operations Water Management Report (KPP 2018a). A full description of the hydrometeoroiogical
conditions is provided in the hydrometeorclogy report (Knight Piédsold 2018). A full description of the
baseline groundwater conditions is presented in the SEBD Chapter 8 (Groundwater Hydrology) and SEBD
Chapter 8§ (Water Quality) reports (PLP 2015a; 2015b). A description of the predicted groundwater
conditions during and after mine operation is provided in the groundwater modelling report (Piteau 2018).
The geochemical parameters used for the development of the water quality model were provided by SRK
and are summarized in their geochemical source term report (SRK 2018).
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Pebble Limited Partnership
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Pebble Mine Site - Closure Water Management Plan

This section provides an overview of the Project’s closure concept as it relates to the water management
plan. The closure concepts developed are based on the conceplual mine site layout as presented on
Figure 1.1 and in the Operations Water Management Plan (KP 2018a). The overall closure strategy Tor
Project facilities is to decommission and reclaim facilities in a manner that demonstrates compliance with
the applicable closure criferia and ragulations. This includes leaving the mine site in a stable condition that
prevents unnecessary and undue degradation of the land and water resources, and managing the PAG
material (pyritic tailings and PAG waste rock) in a manner that reduces the potential generation of acid rock
drainage.

The Bulk TSF will be reclaimed by re-sloping and covering the bulk tailings beach surface with a low
permeability cover material (for example with compacted overburden or a synthetic linar) and capping it
with rockfill sourced from the deconstruction of the Pyritic TSF embankments. A capillary break and growth
medium will be placed to minimize contact of precipitation runoff with the bulk tailings. The growth medium,
in the context of this report, is assumed to be comprised of native soil material with physical and chemical
proparties conducive to germinating and sustaining vegetation growth. The low permeability cover materials
will reduce infiltration and promota runoff fowards the sast end of the TSF. Surplus water from the Bulk TSF
will be pumped to the Main WMP and then to Water Treatment Plant #2 (WTP#2) during ongoing
reclamation of the TSF (Phase 1}, and fo the Open Pit afier the reclamation is complete but water quality
is still not acceptable for discharge (Phases 2 and 3). The quality of the supernatant pond water will be
monitored following reclamation, and once it has been demonstrated that it meets applicable discharge
criteria, surplus water will be discharged through a spillway and conveyed io the NFK catchment.

FPAG waste rock and pyritic tailings will be transferred from the Pyritic TSF to the Open Pit. The PAG waste
rock will be progressively placed in controlled lifts during Phase 1 closure. The PAG waste rock that is
generated during the final vear of operations (~27 Mtons) will be stockpiled in the Pyritic TSF such that itis
not submerged under pyritic tailings. This rock will be transferred 1o the Open Pit during the first vear of
closure, one year prior o any pyritic tailings deposition, to form a base platform of rock that will facilitate
the ongoing placement of additional PAG waste rock that will occur concurrent with the placement of pyritic
tailings. The pyritic tailings in the Pyritic TSF will be re-slurried and pumped to the Open Pit for sub-aqueous
disposal. Backhauling of the PAG waste rock will end approximately 14 yvears into closure, and the pyritic
tailings transfer will end approximately 15 years into closure. Approximately 10 vears into closure and the
ramoval of the PAG waste rock and pyritic tallings, select materials from the Pyritic TSF embankments will
be used as reclamation materials for the Bulk TSF beach surface. After completion of the Bulk TSF
reclamation, the remaining Pyritic TSF embankment materials will be breached and regraded, and the
footprint of the Pyritic TSF will be reclaimed.

Partial dewatering of the Open Pit will occur while the PAG waste rock and pyritic tailings are being
transfarred from the Pyritic TSF to the Open Pit. The water level in the Open Pit will be maintained to allow
for controlled placement and management of the PAG waste rock while keeping a water cover over the
pyritic tailings. Dewatering of the Open Pit will cease at the end of Phase 1, once the transfer of materials
has been completed. The Open Pit will then be allowed to fill with surface water runoff and groundwater 1o
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davelop a Pit Lake. The Pit Lake water surface will be kept at an elevation to allow shallow groundwater
around the pit to continue to discharge into the pit. This elevation has been defined as the Not to Exceed
Level (NTE Level), which is at an elevation of 900 fasl (Piteau 2018). The Maximum Management Level
(MM Level) is below the NTE Level and has been defined as the maximum water level within the Open Pit
raguirad to provide storage for the Probable Maximum Flood (PMF) without encroaching on the NTE Leval,
The MM Level is approximately 890 fasl. Surplus water from the Open Pit will be pumped and treatad to
maintain the water surface elevation below the MM Level for the long-term.

WTP#1, located near the Open Pit WMP and used during operations, will be reconfigured to meet the
requirements of Open Pit water quality during closure, and will be re-designated Water Treatment Plant #3
(WTPH#3).

The Project closure has been broken down info four main phases, as shown on Figure 3.1 through
Figure 3.5. A timeline of the project phases is shown on Figure 3.6. Approximate timelines have been
assigned to each of the closure phases and are based on the results of the water balance and water qualily
modelling resulis discussed in this report. The main activities and water management eperations for each
phase are as follows:

Phase 1. Reclamation of Quarries and Bulk TSF, Backfilling of Open Pit {compieted Closure Year 15),
Figures 3.1and 3.2

¢+ Reconfiguration of WTP #1 as WTP #3.

« Reclamation of Quarries B and C, removal of the sediment pond north of Quarry B.

¢ Transfer of PAG waste rock and Pyritic tailings to the Open Pit.

¢ Surplus water pumped from the Bulk TSF to the Main WMP throughout Phase 1.

e Reclamation of the Bulk TSF begins in approximately Year 10 {o allow for consolidation and differential
settlement.

+  Pumping of water in the Bulk TSF south and east seepage collection and recycle ponds 1o the Bulk
TSF Main Seepage Control Pond (8CP).

e Pumping of water in the Bulk TSF Main SCP to the Main WMP,

¢ Pumping of surface runoff from the Pyritic TSF embankment and water collected within the seepage
collection ponds to the Main WMP.

¢ Treatment of surplus water from the Main WMP at WTP #2 and release {o the downstream environmeant.

e Pumping of surplus water from the Open Pit to WTP #3 0 maintain the placement of the PAG wasie
rock in the dry. Treated water released from WTP#3 to the downstream envirenment.

+ Decommissioning and reclamation of the Open Pit Water Management Pond, and direction of surface
runoff flows to the downstream environment.

e Reclamation of smaller mine facilities, including the mill site, laydowns, and decommissioned haul
roads.
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Phase 2: Bulk TSF and Quarries Reclaimed, Backfiling of Open Pit Complete, Reclamation of Pyritic TSF
and Main WMP, No Water Treatment {Closure Year 16 through to when the pit is full — approximately Year
20y, Figure 3.3

¢+ Decommissioning of WTP #2.

¢ Decommissioning of the Open Pit clean water diversion channal.

¢+ Reclamation of the Pyritic TSF and associaled seepage collection ponds. Subsequent direct discharge
of surface water runoff to the downstream environment.

+ Reclamation of the Main WMP and discharge of surface waler runoff to the downstream environment.

+  Pumping of Bulk TSF surplus water to the QOpen Pit.

+  Pumping of water in the Bulk TSF south and east seepage collection and recycle ponds to the Bulk
TSF Main SCP.

e Pumping of Bulk TSF Main SCP water to the Open Pit.

e Decommissioning and reclamation of WTP #2 once i has been demonstrated that the surplus water
from the reclaimed Pyritic TSF and Main WMP surfaces meets discharge criteria.

¢ Allowing the Open Pit to fill to the MM Level,

e The basis for the current analysis is thal no water will be treated during Phase 2, however an adaptive
management strategy would be ulilized and water would be directed to WTP#3 for treatment and
release if required to maintain dewnstream flows.

Phase 3: Pyritic TSF and Main WMP Recdlaimed, On-Going Treatment Surplus Water within the Open Pit
{(Year 20 through complete Closure in Year 50), Figure 3.4

»  Pumping of Bulk TSF surplus water to the Open Pit.

»  Pumping of water from the Bulk TSF south and east seepage collection and racycle ponds to the Bulk
TSF Main SCP.

¢ Pumping of water from the Bulk TSF Main SCP to the Open Fit.

¢ Maintaining water levels within the Open Pit below the MM Level by treating surplus water from the
Open Pit at WTP #3.

¢ Release of treated water from WTP#3 {o the downstream environment.

Phase 4: Post-Closure (long-term conditions), Figure 3.5

e Direct discharge of surface water runoff from the reclaimed Bulk TSF to the NFK catchment. The results
of the water quality model, which are discussed in this report, indicate that once the tailings
consolidation seepage reachas a minimal rate, which is approximately 50 years after active deposition
of bulk tailings into the facility begins, the Bulk TSF superatant pond will mest the water quality criteria.
The water quality of the supernatant pond will be monitored, and once it is demonstrated that it meets
the discharge criteria, surplus water from precipitation evenis will be released through the spillway to
the NFK.

+  Maintaining water levels within the Open Pit below the MM Level by trealing surplus water from the
Open Pit at WTP #3.

e Pumping of water at the Bulk TSF south and east seepage collection and recycle ponds to the Bulk
TSF Main SCP.

¢ Pumping Bulk TSF Main SCP flows to WTP#3.
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¢ Decommissioning and reclamation of all freshwater diversions, except for the Bulk TSF Main SCP

diversion.
¢ Release of treated water from WTP #3 to the downstream environment.

o as YA101-176/57-5 Rev 0
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Closure Year: 1123|456 7|89 |10|11[12]13|14|15]116|17 181920

Activity Phase 1 Phase 2 "
Consolidation seepage reporting to Bulk TSF supernatant pond
Bulk TSF pond water pumped to Main WMP
Regrading and capping of tailings surface
Overburden placed and seeded and vegetation established
Bulk TSF Bulk TSF pond water pumped to Open Pit
Bulk TSF pond water released to environment through spillway
Bulk TSF seepage (via the Bulk TSF Main SCP) pumped to Main WMP
Bulk TSF seepage (via the Bulk TSF Main SCP) pumped to Open Pit
Bulk TSF seepage (via the Bulk TSF Main SCP) pumped to WTP#3
Backhauling of PAG WR
Re-slurry of Pyritic Tailings
Open Pit Pumping to WTP#3 (for controlled placement of PAG WR)
Pit Filling to Maximum Management (MM) Level
Pumping to WTP#3 (to maintain WSE below MM Level)
Dewatering (Tailing re-slurry to Open Pit)
Pyritic TSF Embankment Runoff and seepage to Main WMP
Reclamation Activities
WTP#2 Treating and releasing water to downstream environment

Facility

Water
Treatment and WTP#3 Treating and releasing water to dpwnstr_eam environment
Monitoring Water Quality Monitoring - Bulk TSF
Water Quality Monitoring - Pyritic TSF and Main WMP
Facility ClosureYear: 121(22[23|24|25[26|27|28|29[30|3132[33[34|35|36[37|38|39|40|41)|42)|43|44|45)|46|47[48|49|50]51|52]|53]|54]| 55|55+

Activity

Consolidation seepage reporting to Bulk TSF superatant pond
Bulk TSF pond water pumped to Main WMP

Regrading and capping of tailings surface

Overburden placed and seeded and vegetation established
Bulk TSF Buik TSF pond water pumped to Open Pit
Bulk TSF pond water released to environment through spillway

Bulk TSF seepage (via the Bulk TSF Main SCP) pumped to Main WMP
Bulk TSF seepage (via the Bulk TSF Main SCP) pumped to Open Pit
Bulk TSF seepage (via the Bulk TSF Main SCP) pumped to WTP#3
Backhauling of PAG WR

Re-slurry of Pyritic Tailings

Open Pit Pumping to WTP#3 (for controlled placement of PAG WR)
Pit Filling to Maximum Management (MM) Level
Pumping to WTP#3 (to maintain WSE below MM Level)
Dewatering (Tailing re-slurry to Open Pit)

Pyritic TSF Embankment Runoff and seepage to Main WMP
Reclamation Activities

WTP#2 Treating and releasing water to downstream environment

Water WTP#3 Treating and releasing water to downstream environment
Treatment and - P
- Water Quality Monitoring - Bulk TSF
Monitoring

Water Quality Monitoring - Pyritic TSF and Main WMP

PEBBLE LIMITED PARTNERSHIP
PEBBLE PROJECT

NOTES:
1. THE END OF PHASE 2 AND BEGINNING OF PHASE 3 ARE DEPENDENT ON WHEN THE OPEN PIT FILLS TO THE LEVEL THAT REQUIRES PUMPING TO WTP#3 TO MAINTAIN THE WSE BELOW THE MM LEVEL

TIMELINE OUTLINING CLOSURE PHASES
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The operations water management plan (KP, 2018a) provides the characterization of the groundwater and
surface water runofl within the Project mine site foolprint. A brief summary of the waters that will be
managed at closure is provided as Tollows:

« Fresh water: water that has not come into direct contact with un-reclaimed areas or is otherwise not
mine affected, and therefore may be discharged to the environment without treatment in the water
treatment plants. These flows are expecied to have similar runoff patterns to the pre-mine and
operations hydrographs, with high flows occurring during the spring snowmelt season and fall rainy
saason, and low flows occurring during the late summer period. Minimal flows are expected during the
winter when precipitation will mostly fall as snow.

¢« Stormwater: runoff from un-reclaimed areas that only requires treatment for sediment to meet discharge
water quality standards prior to discharge to the environmeni. Stormwater is defined under EPA
discharge regulation 40 CFR 122.26 (b) {13) as "Stormwater runoff, snowmelt runoff, and surface runoff
and drainage”. Stormwater will be discharged under general Alaska Pollutant Discharge Elimination
System (APDES) Stormwater Permits.

¢ Mine-affectad waler: water affectad by the former mining operation that requires treatment at the water
freatment plants to meet discharge water quality standards prior to discharge to the environment. Mine-
affected water is anticipated to include, but may not be limited to, water in the Bulk TSF, the Pyritic
TSF, the Main WMP, the Open Pit WMP, and the Open Pit.

The water management plan Tor the above-defined watar sources and each phase of closure is described
in the following sections.

Fresh water diversion channels are proposed for operations to collect and convey surface water runoff from
undisturbed ground and directly discharge it to downstream waterways. The diversion channels from
operations will be maintained while the facilities are being reclaimed. Once a facility has been reclaimed
and surface water runoffl meets the required closure criteria, the asscciated diversion channels will be
decommissionad so that the drainage pathways are returned, as much as possible, to pre-project
conditions.

Active reclamation of the Bulk TSF will begin in Year 10 of closure during Phase 1. The delay is to allow for
the majority of the tallings consolidation and differantial settfement to occur before grading. Surplus water
collected in the TSF supernatant pond will be pumped to the Main WMP during Phase 1 of closure, and to
the Open Pitin Phases 2 and 3.

Seepage water will be collected in the South and East Seepage Collection Recycle Ponds (SCRPY and the
Bulk TSF Main S8CP. The flows from the South and East SCRPs will be pumped to the Bulk TSF Main SCP,
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and then will be pumped to the Main WMP during Phase 1, to the Open Pit during Phase 2 while the Open
Pit is filling, and then directly to WTP#3 during Phases 3 and 4.

The Bulk TSF will be deamed fully reclaimed once the supernatant pond water meets discharge water
quality criteria, which corresponds to the start of Phase 4 for tha purposes of the closure water management
plan. As the tailings mass consolidates, water that was previously trapped within the interstitial spaces of
the tailings solids is assumead to be released to the supernatant pond. The water quality of the supernatant
pond will be monitored, and once it meels discharge water qualily criteria, surplus water from precipitation
evenis will be discharged from the Bulk TSF through an operating spillway to the downstream NFK
catchment. The spillway will be constructed to pass the PMF from the facility.

Water that infiltrates the low permeability cover over the bulk tailings beach will report as seepage from the
Bulk TSF and will be collected in the Bulk TSF Main SCP and the South and East S3CRPs. The water
collected within the ponds will be monitored for quality and these ponds will remain active until discharge
water quality criteria are met. The water quality modelling results presented in this report indicate that,
under the current assumptions, ssepage water from the Bulk TSF will require treatmeant for the long-term.

FPAG waste rock and pyritic tailings from the Pyritic TSF will be transferred to the Open Pit during Phase 1
of closure. The PAG waste rock will be progressively placed within the Open Pit in controlled lifts, starting
cohe year pricr to any pyritic tailings deposition. Additional PAG waste rock will be transferred as it becomes
exposed within the Pyritic T3F while the pyritic tallings are being re-slurried and transferred to the Open
Pit. Water stored within the Pyritic TSF, including the supematant pond accumulated during operations,
water frapped within the failings voids, direct pond precipitation, and surface runoff during the closure
phase, will be used to re-slurry the tailings. Additional water will be reclaimed from the Open Pit to support
the re-slurring activities, as required.

Seepage collection and recycle ponds located downstream of the Pyritic TSF o the north, south, and east
will remain active while the pyritic tailings and PAG waste rock are being transferred (o the Open PiL.
Seepage flows 1o the south and east will be pumped back to the TSF, as required, and seepage flows o
the north will be pumped fo the Main WMP. These ponds will be removed and the areas reclaimed during
Phase 2.

Select embankment materials will be used during the later years of Phase 1 as reclamation malerials for
the Bulk TSF. After the removal of the pyritic taillings and PAG waste rock, the remaining Pyritic TSF
embankment materials will be breached, the liner and impacted materials will be removed, and the surface
will be re-graded and capped with a growth medium. Surface water runoff will then be discharged 1o the
downstream NFK catchment.

The Main WMP will provide water storage surge capacity for the mine site during Phase 1 of closure. The
Main WMP will manage water pumped from the Bulk TSF supernatant pond, water from the Bulk TSF SCP,
and runoff from the Pyritic TSF main embankment. Surplus water in the Main WMP will be treated for
release at WTP #2. Once the Main WMP is reclaimed, the embankmenits will be breached, the liner and
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impacted materials will be removed, and the surface will be re-graded and capped with a growth medium.
Surface water runoff will then be discharged downstream in the NFK catchment.

The Open Pit WMP and its associaled sediment pond will be removed and the areas will be reclaimed
during Phase 1 of closure. While the PAG waste rock and pyritic tailings are being transferred to the Open
Pit during Phase 1, partial dewatering of the Open Pit will occur o allow for controlled placemant and
management of the PAG waste rock while keeping a water cover over the pyritic tailings. Water from the
Open Pit will be pumped o the Pyritic TSF to support the re-slurry of the pyritic tailings, as required.

After transfer of the PAG waste rock and pyritic tailings from the Pyritic TSF to the Open Pit is completed
during Phase 1, dewatering of the Opan Pit will cease and the pit will be allowed to fill with surface waler
runoff and groundwater inflows. Surplus water from the Bulk TSF Main SCP and Bulk TSF supernatant
pond will be pumped to the Open Pit during this filling stage (Phase 2), and the Open Pit Frash Water
Diversion Channel will be decommissioned to reduce the time to fill the pit. Once the Open Pit has reached
the MM Level, signifying the start of Phase 3 (approximately 20 years inte closure based on the water
balance model results), Open Pit surplus waler will be treated at WTP#3 and released to the downstream
environment.

in Phase 3, the surpius water from the Bulk TSF supernatant pond will be pumped to the Open Pit while
water from the Bulk TSF Main SCP will be pumped directly to WTP#3 for treatment and release. Throughout
closure, the water level within the Open Pit will be maintained at or below the MM Level, thereby allowing
shallow groundwater around the pit to continue to discharge into the pit (Piteau 2018). The water lavel will
be maintained by pumping surplus water from the Open Pit to WTP#3 10 be treated and released long-term.

Quarry locations B and C will be actively reclaimed during Phase 1 of closure. The reclaimed quarries will
be sloped to promote fresh water runoff away from the Bulk TSF. This freshwater will be directed to the
downstream environment. During Phase 2, after the Pyritic TSF and diversion channels are reclaimed, the
frashwater runoff will flow directly towards NFK.

The sediment pond located 1o the north west of Quarry B will be reclaimed during Phase 1 of closure, after
the reclamation of the quarry is complete.

Two water treatment plants will be in operation at various stages during closure. WTP #2, localed near
Main WMP, will treat waler sourced from Main WMP during Phase 1. WTP #3 will treat surplus water from
the Open Pit while the PAG waste rock and pyritic tallings are being transferred (Phase 1}, while the surplus
water from the Bulk TSF supernatant pond and Bulk TSF Main SCP are collected within the Open Pit
(Phase 3}, and as required to maintain the water level below the NTE Lavel for the long-term {Phase 4).
Surplus water from the Bulk TSF Main SCP will also be directed to WTP#3 during Phase 4 and for the long-
term. Reject flows from WTP #2 and WTP #3 will be directed to the Gpen Pit during all phases of closure
and will be piped o depth.
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A water balance was developed for the closure period of the Project. The water balance is comprised of
thres modules: the Watershed Module, the Groundwater Module, and the Mine Plan Module. This section
describes the Mine Plan Module (the medel) and presents the associated inputs, assumptions, and results.
The model simulates the movement of water within the mine site, and uses inputs from the Watershad
Module and the Groundwater Module. The model astimates the amount of waler {0 manage at the mine
site during the closure periods of the mine under a full range of historical climate conditions.

The model was completed in monthly increments using GoldSim® software, and was based on the
conceptual closure foolprints shown on Figure 3.1 through Figure 3.5, and on the closure water
management strategy described within this report. The water management strategy incorporated into the
Mine Plan Module is shown as Tlow schematics per closure phase on Figures A1 through A4 in
Appendix A. The average annual flows per closure phase are shown in Table A2 through A5 in Appendix A
for relatively dry, average, and relatively wet climate conditions.

Climate variability was incorporated inio the model by utilizing the 76-year synthelic time-series of monthly
temperature and precipitation values devaloped for the Project site. The timea-series data were incrementally
steppad by vear within the model, Tor a 76 year closure period that covered all four phases of the closure,
thereby preserving the inherent cyclical nature of the climate record. The model was run for 76 different
realizations, theraby generating 76 unigue resuits of water flow and storage for each month of each vear of
the modeled closure activities.

Additional inputs and assumptions for the modal include:

e The pyritic tallings has an SG of 2.9 (Ausence 2017) and an assumed dry density of 100 pcf.

e The pyritic tailings is re-slurried at a solids content of 25% by weight, starting in the second vear of
closure, and is transferred by three pumps, each with a capacity of 6,000 gpm.

»  Water for pyritic tailings re-slurry activities comas from the following sources, based on availability and
in order of priority:

1. Pyritic TSF, and
2. Open Pit.

+  Altotal of approximately 160 million short fons of PAG waste rock that is stored in the Pyritic TSF during
operations will be transferred to the Open Pit at closure (approximate volume of 2.7 billion ft% assuming
a density of 120 pcf). The PAG WR transfer begins at the start of closure.

+  Groundwater inflow 1o the Open Pit is at a rate of 2,700 gpm (6 cfs) when the Open Pit is emply and
1,300 gpm (3 cfs) when the Open Pit is at the MM Leval Between these two values it is linsarly
interpolated based on the volume of water in the Open Pit.

¢ The flow-through rate of the Bulk TSF main embankment is estimated to occur at constant rates of
8.0 cfs during operations (KP 2018¢) and 1.2 ¢fs during post-closure phases. It is assumed that the
seepage rale decreases linearly over a 30 year pericd as the bulk tailings are drained.
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¢ The dry density of the bulk tailings is estimated 1o be 90 pcf at the end of operations, and increasing fo
95 pef 50 years after bulk tailings have stopped being deposited in the Bulk TSF.

+ The increase in dry density is due to the consolidation of the bulk tailings that results from the release
of pore walter from the tailings mass. This released water was previcusly trapped within the void spaces
between the tailings particles. it was assumed that all of the bulk tailings consolidation seepage water
will report to the Bulk TSF supernatant pond, therefore requiring this water to be managed even after
the Bulk TSF beaches have bean reclaimed. Thea consolidation seepage to the supsrnatant pond is
estimated o be approximately 6 cfs at the start of closure, 1o decrease (o approximately 3 ¢fs five years
into closure, and o be essentially zero 50 years afier the end of operations. These seepage rates were
estimated on the basis of consolidation modeling previously completed for the project, with
consideration of changes in tailings grind and density.

e Cooling water required by the power plant is a negligible flow and is not included in the closure or post-
closure water balance model flows.

« \Water associated with dust control during closure is a nagligible flow and is not included in the closure
or post-closure water balance model flows.

«  WTPHZ, which is located near the mill, has a maximum treatment rate of 41 c¢fs, which is provided by
four trains of equal treatment capacity. WTP #2 is estimated to have a reverse osmosis (RO) reject rale
of 2.3% of the inflow rate to WTP#2 (HDR 2018). The reject sludge and reject flow from WTPH#2 will be
directed to the Open Pit during closura,

e WTP#3, which is located near the Open Pit, becomes active during the closure phases. it has a
maximum treatment rate of 49 c¢fs, which is provided by three trains of equal capacity and allows for a
maximum treatment capacity of 38 cfs from the Open Pit and 11 ¢fs from the Bulk TSF Main WMP.
WTP #3 is assumed o have a RO reject rate of 2.3% of the inflow rate to WTP#3. The reject sludge
and reject flow from WTPH#3 will be directed 1o the Open Pit during closure,

The Mine Plan Module results Tor each phase of closure are dascribed in the sections below.

Estimated water surface elevations (WSE) for the Open Pit, for all phases closure, are shown on Figure 5.1
in terms of the 101, 50%, 90%, and 99" percentile values. The approximate elevations of the PAG waste
rock and pyritic tailings are also shown on this figure. These results indicate that the Open Pit will operate
below the MM level at all times during closure. The water balance results also indicate that during Phases
1 and 2 of closure, a dewatering rate of 20 ¢fs will maintain the water level below the slevation of the PAG
waste rock for all months, for more than half of the modeled realizations. The other half of the realizations
did indicate some inundation of the PAG waste rock during periods of high runoff. These pericds were
limited to the spring freshet, with a maximum time of inundation of 6 months. This situation was deamed to
be acceptable because the estimated amount of PAG waste rock that needs to be hauled to the Open Pit
each year can be moved within 6 months, using the available mine fleet.

The water balance model indicates that it will take approximately 19 to 21 years to fill the Open Pit to the
maximum management (MM) level, depending on the climatic conditions. Furthermore, under steady state
conditions (Phase 4), the average annual surplus from the Open Pit is modeled 1o be approximately 3 cfs.
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Figure 8.1 Cpen Pit Water Surface Elevations

The estimated 10%, 501, 00, and 99" percentile pond volumes for the Main WMP are shown on Figure
5.2, for Phase 1 through Phase 4 of closure. These resulls indicate that the Main WMP has the capacity i
manage the surplus water from the mine site during closure Phase 1 and Phase 2, when the Bulk TSF and
Pyritic TSF are being reclaimed. The water within the Main WMP will operate below the maximum operating
pond capacity at all imes.
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Figure 8.2 Main WMP Volumes

The total flows released downstream of the Project mine site are a combination of fresh waler from the
diversion channels, surface runcff from reclaimed facilities, and treated water from the water treatment
plants. Tha water treatment plant flows are expected o vary based on thae amount of water captured at the
mine site depending on the climale variability, whereas the flows from the fresh water diversions and

reclaimed facilities are expected to vary according to natural flow patterns {(which in turn are linked to climate
variability).

The 181, 101, 501 80%, and 99 percentile valuas of total water relsased from the water treatment plants
are summarized on an annual average basis for closure Phases 1 through 4 in Table 5.1, and for the 10th,
501, 80t and 90Y percentile values on an annual basis on Figure 5.3. These results indicate that the total
amount of water treaiment required is greatest during the early phases of closure, when the ming site
foolprint is larger and lowest during Phase 4, once all of the mine facilities are reclaimed and the only water
being treated is the surplus that is pumped from the Open Pil to maintain the water levels,

The total flow releases from the water treatment plants can vary from a high of 58 ofs during Phase 1 (891
parcentite results) to a low of 3 ofs during the final Phase 4 (15 percentile resuits). There are no releases
from the water treatment plants during Phase 2, which is after the PAG waste rock and pyritic tailings
transfer to the Open Pit is complete, but before the Open Pit is full. Phase 2 occurs for an approximate
5 vear period, and during this period the total captured surface runoff, direct pond precipitation, and
groundwater flow rate is approximately 40 ¢fs under average climate conditions.
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Figure 8.3 Average Annual Flow from Water Treatment Plants
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TABLE 5.1
THE PEBBLE PARTNERSHIP
PEBBLE PROJECT
CLIMATE VARIABILITY CLOSURE WATER BALANCE
TOTAL WATER TREATMENT PLANT DISCHARGE
Print: Sep/21/18 10:16:03
Closure Phase 1 Closure Phase 2
Total Release from WTPs {(cfs) Total Release from WTPs (cfs)
Month 18t 1ot 5ot got 9ot Month 18t 10 5ot goth ggh
Percentile | Percentile | Percentile | Percentile | Percentile Percentile | Percentile | Percentile | Percentile | Percentile
Jan 16 23 46 53 55 Jan 0 o] 0 0 0
Feb 15 21 45 51 55 Feb 0 0 0 0 0
Mar 15 21 37 49 55 Mar 0 0 0 0 0
Apr 15 22 40 51 56 Apr o] 0 o] 0 0
May 33 51 55 57 57 May o] 0 o] 0 0
Jun 24 54 57 57 58 Jun 0 0 0 0 0
Jul 17 51 56 57 57 Jul 0 0 0 0 0
Aug 32 52 56 57 57 Aug 0 0 0 0 0
Sep 34 53 56 57 58 Sep 0 0 0 0 0
Oct 15 49 55 56 57 Oct 0 o] 0 0 0
Nov 15 44 53 56 57 Nov 0 o] 0 0 0
Dec 15 25 47 55 56 Dec 0 0 0 0 0
Annual Average 21 39 50 55 57 Annual Average 0 0 0 0 0
Closure Phase 3 Closure Phase 4
Total Release from WTPs (cfs) Total Release from WTPs (cfs)
Month 18t 1ot 5ot goth got Month 1t 10® 5ot goth ggth
Percentile | Percentile | Percentile | Percentile | Percentile Percentile | Percentile | Percentile | Percentile | Percentile
Jan 19 19 23 29 48 Jan 3 4 7 10 19
Feb 20 20 20 29 48 Feb 3 4 7 9 19
Mar 19 19 19 29 48 Mar 4 4 7 9 18
Apr 21 22 26 29 48 Apr 5 7 11 16 19
May 29 29 30 41 48 May 13 17 18 19 20
Jun 26 29 40 48 48 Jun 6 14 18 19 20
Jul 22 29 34 48 48 Jul <] 14 18 20 20
Aug 29 29 36 48 48 Aug 11 15 18 20 20
Sep 27 29 39 48 48 Sep 10 14 18 20 20
Oct 24 29 34 48 48 Oct 6 10 17 20 20
Nov 20 27 29 48 48 Nov 5 8 9 20 20
Dec 19 19 29 45 48 Dec 4 5 8 16 17
Annual Average 23 25 30 41 48 Annual Average 6 10 13 16 19
MANON00176\5\A\Data\Water Management Plan\Closure\[Results_ WBMO029_rev0_toOpenPit_20180920.xisx]TableEnviroF lows
NOTES:
1. TOTAL RELEASE FROM WTP IS THE SUM OF THE FLOWS AVAILABLE FOR RELEASE FROM WTP#2 AND WTP#3 DURING CLOSURE PHASES.
0 1 218EPi8  |ISSUED WITH REPORT VA1 01-176/57-5 | S |
T REV T DATE | DESCRIPTION | PREPD | RVWD ]
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A water quality model (WQ model) was developed to predict the water quality during the various closure
phases using a mass balance approach. Results of the WQ model were used to determine the requirements
of the water treatment plants (WTP) and to inform water management decisions. Water quality predictions
waere developed for the following nodas:

¢ Bulk TSF (all closure phases)

+  Bulk TSF Main SCP (all closure phases)
s Pyritic TSF (Phase 1)

+  Main WMP (Phase 1)

+  Open Pit Lake (all closure phases

¢ inflow to WTP#2 (Phase 1), and,

¢ inflow to WTP#3 (Phases 1, 3 and 4).

Water coliected within the mine site footprint that does not meet discharge water quality criteria will be
freated in water treatment plants prior to discharge to the environmeni. The waler treatment plants will be
designed to meet the specified discharge water quality criteria, which are summarized in Table 6.1.
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TABLE 6.1

THE PEBBLE PARTNERSHIP
PEBBLE PROJECT

WATER QUALITY CRITERIA IN RECEIVING WATER BODY

Print: Sep/21/18 13:18:43

Parameter Units Estimated Limits & Basis
Most Stringent Basis ABBREVIATIONS:
Aluminum (total) ug/L 87 WQBEL-ALC WOQBEL: Water Quality Based Effluent Limit
Antimony (total) ug/L 6 WQBEL-DW ELG: Effluent Limitation Guideline
Arsenic (total) ug/L 10 WQBEL-DW (H): Hardness dependent criterion
Barium (total) ug/L 2000 WQBEL-HH (S): Selenite + Selenate dependent criterion
Beryllium (total) ug/L 4 WQBEL-HH WQS: Water Quality Standards
Boron (total) ug/L 750 WQBEL-HH HH: Human Health
Cadmium (H) (total) | ug/L 0.08 WQBEL-ALC ALA: Aquatic Life, Acute
Chloride ug/L 230000 WQBEL-ALC ALC: Aguatic Life, Chronic
Total Residual Chiorine | ug/L 11 WQBEL-ALC DW: Drinking Water
Chromium (total) ug/L 100 WQBEL-DW MA: Monthly Average
Chromium I (H) {total) | ug/L 19.18 WQBEL-ALC GP: Growth and Propagation of Fish
IChromium Vi (dissolved)| ug/L 11 WQBEL-ALC IR: Irrigation water
Cobalt (total) ug/L 50 WQBEL-IR WS: Water supply
Copper (H) (total) ug/L 2.19 WQBEL-ALC
Cyanide (WAD) ug/L 5.2 WQBEL-ALC
Fluoride ug/L 1000 WQBEL-IR
Iron (total) ug/L 1000 WQBEL-ALC
Lead (H) (total) ug/L 0.39 WQBEL-ALC
Lithium (total) ug/L 2500 WQBEL-IR
Manganese (total) ug/L 50 WQBEL-HH
Mercury (total) ug/L 0.012 WQBEL-ALC
Molybdenum (total) | ug/L 10 WQBEL-IR
Nickel (H) (total) ug/L 12.87 WQBEL-ALC
Nitrate ug/L 10000 WQBEL-DW
Nitrite ug/L 1000 WQBEL-DW
Total Nitrate+Nitrite as Nf ug/L 10000 WQBEL-DW
Selenium (total) ug/L 5 WQBEL-ALC
Silver (H) (total) ug/L 1.1 WQBEL-ALA
Thallium (total) ug/L 1.7 WQBEL-HH
Vanadium (total) ug/L 100 WQBEL-HH
Zinc (H) (total) ug/L 28.95 WQBEL-ALA
DS mg/L 500 WQBEL-HH
pH - 6.5-85 WQs-GP
TSS mg/L 20 ELG-MA
DO mg/L >=7.0 WQs-GP
Turbidity (NTU) NTU |No greater than 5 NTU above natural turbidity]  WQS8-WS
Alkalinity ug/L >= 20,000 WQBEL-ALC
Ammonia as N mg/L 4.36 WQBEL-ALC
Sulfate mg/L 250 WQas

MANOT\O0 1760 7\A\Report\5 - Closure Water Management Report\Rev O\Tables\[Table 6.1_Estimated Discharge Criteria.xlsx]Table 6.1_WTP_Limits

NOTES:

1. Water quality based effluent limits (WQBELSs) are taken from Alaska Water Quality Criterio Manual for Toxic and Other Deleterious Drganic and Inorganic Substances dated December 2008,

2. Water quality standards (WQS) are taken from Alusko Water Quality Standards (18 AAC 70} dated April 6, 2018,

3. Technology based effluent limits are taken from Efffuent Limitation Guidelines, Subport } {40 CFR 440.104) far the Copper, Lead, Zinc, Gold, Silver, and Molybdenum subcategory.

4. Water quality standards for dissolved oxygen, turbidity, and pH are mandatory. Estimated limits are the most stringent of water supply, recreation, or growth and propagation standards.
Temperature limits are also required, but dependent on habitat and seasonal considerations.

5. Hardness-dependent criteria (cadmium, copper, chromium IIf, lead, nickel, silver, zinc) are calculated using the estimated 15th percentile conditions for the receiving streams. The most
stringent of the three proposed discharge locations is included in the table.

6. The acute selenium standard is based on the selenite/selenate fraction and was not calculated for this estimate. The chronic standard is used instead.

7. Ammonia: acute criterion is pH dependent; chronic criterion is temperature and pH dependent. Estimate based on pH 7.5 and temperature 14 C. Temperatures below 14C do not change the
criterion.

8. The criteria in the table are the applicable regulatory criteria. More stringent discharge criteria may be used by the Pebble Partnership.

{0 1 21SEP18 [ISSUED WITH REPORT VA101-176/57-5 | as | Jec |
| Rev | DATE | DESCRIPTION | PREPD | RvWD |
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The WQ model was developed in GoldSim® using a mass balance approach to represent parameter
loading in the flow pathways info and cut of each of the facilities. The closure Mine Plan Module water
balance was used as the foundation for the WQ model and provided the inflows, outflows, and storage
volumas for each Tacility. The generalized mass halance squation used in the WQM is as Tollows:

CaxQa + CxQs
(Qa + QB)
Where Cnew = mixed concentration (mg/L}
Ca = concentration of stream A (mg/L)
Qi = flow rate of stream A (m¥/s)
Cs = concentration of stream B {mg/L)
Qg = flow rate of stream B (m¥/s)

Chew =

The following inputs and general assumptions apply 1o the water quality model,

e  Complete mixing under steady state conditions {i.e. no reactions or degradation occurs) for all facililies
and flow streams.

» For reservoirs for which monthly inflows and cutflows were comparable (o the volume stored in the
reservolr, the water quality of the outflow was assumed to he equal to the water quality of all inflow
sources after complete mixing.

e The water balance model was run under a wide variety of climate conditions; 76 different climate
realizations ware used in the WQ model and the 50" percentile water quality resulis are presented in
this report.

¢ The WQ model was run on a daily timestep; however, climale inputs were done on a monthly basis and
the model assumes consistent values for avery day within any month, and resulls are prasented as
maximum monthly concentrations.

e The 95" percentlle source terms were provided by SRK as paramester concentrations or parameter
loadings to be used in the WG model (SRK 2018). These 95 percentile source term values were used
for all simulations. The source terms and source term assumptions used in the WQ model are outlined
in Appendix B1, in Table B1.1 and Table B1.2, respectively.

e Baseline water quality data werse used to estimate the parameter concentrations in runoff from non-
contact surface runoff. Once a facility has been reclaimed, the surface water runoff from the facility is
assumed to have the same parameter concentrations as the non-contact surface runoff.

¢ The tailings beaches of the Bulk TSF are assumed 1o be capped with material from the Pyritic TSF
embankments over the course of five vears (Years 10 to 15 of closure), with 20% of the beach capped
each vear. The capillary break and growth medium are then placed on the beaches, and it is assumed
that the water quality from the reclaimed beaches will the same as the background runoff water quality
fiva years after the completion of capping (Year 20 of closure).

» The WQ model doas not account for any disturbance of the bulk tailings during the reclamation activities
of the Bulk TSF beaches that might affect water quality.

¢ All of the bulk tailings consolidation seepage is assumead o report to the Bulk TSF supermatant pond,
as described in the Mine Plan Module water balance model section of this report.
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¢ Nitrate, Nitrite, and Ammonia concentrations for the source terms were calculated based on the
following equations:
o Nitrate (ion) = 4.43 « Nitrate concentration (mg/L. as N)
o Nitrite = .02 x Nitrate (ion) concentration (mg/L), and
o Ammonia = 0.01 x Nitrite concentration {mg/L).

e Total dissolved solids (TDS) values were calculated as the sum of alkalinity, chloride, fluoride, sulphate,
calcium, magnesium, potassium, sodium, and silica.

¢ Total hardness values were calculated hased on the following equation:

TH=2497 xCa + 4118 x Mg

Where, TH = total hardness concentration {mg/L. as CaCOa)
Ca = calcium concentration (mg/L)
Mg = magnesium concentration {mg/L)
+ pH values were not modelled.
+ The outflow from each water treatment plant is assumed to have the parameter concentrations provided
by HDR and listed in Table B1.3 in Appendix B.
e The paramaeter loads in the sludge and reject from each water treatment plant were added to the Open
Pit during closure. These loads were calculated from the concentrations provided by HDR and do not
necessarily equal the difference hefween the inflow and outflow loads 1o each WTP.

The maximum annual (shown as magimum monthly) predicted concentrations within each facility are shown
for the different closure phases in Table B2.1 to Table B2 4, in Appendix B2. The highlighted values in
these tables indicale wheare parameter concentrations axceed the discharge water quality criteria, and will
therefore require treatment at the waler treatment plants. The water quality predictions for the Bulk TSF
supernatant pond and the Open Pit Lake are described further below.

During closure, the water quality in the Bulk TSF supernatant pond is expected to vary as follows:

e Priorto closure Phase 1, the cessation of tailings deposition will lead to a general improvement in water
guality.

¢ Tailings beach runoff will continue to affect the bulk TSF supernatant pond quality until the beach is
capped using material from the Pyritic TSF embankment (Year 15 of closure).

+  Runcff from the cap material will affect the pond water quality during capping {Years 10 to 15) and for
five years following capping, until Year 20. After that time, runoff from the reclaimed surface is assumed
o be the same as that from the non-contact surface runoff.

»  After Year 20, runoff from the reclaimed beach is expacted to improve water quality.

¢« Bulk tailings consolidation is expectad 1o occur at the start of closure and continue until the end of
Phase 3 (Year 50 of closure). This consolidation is expecied to negatively impact water quality. Since
the consoclidation of tailings and the corresponding release of pore water is expected (o decrease
gradually over time, waler quality is correspondingly expected o improve.
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The water quality of the Bulk TSF supernatant pond is predicted to exceed the discharge criteria until the
end of Phase 3/the heginning of Phase 4, when tallings consolidation is expected to finish (Year 50 of
closure). The supernatant pond water quality is strongly influenced by the flow of consolidation seepage
because of the relatively high concentrations in the consolidation seepage water and the relatively low pond
volume. At the end of closure Phase 3, the supematant pond is influenced mainly by runoff from the
reclaimed beaches and precipitation directly on the pond. Water quality at this time, and throughout Phase
4, is predictad to meet the discharge criteria.

The 501 percentile water quality predictions (based on the 95" percentile source terms) for alkalinity,
antimony, copper, cadmium, molybdenum, manganease, sulphate and zinc for the Bulk TSF supernatant
pond at the end of Phase 3 and the beginning of Phase 4 (Years 45 though 55) are shown on Figure 8.1,
These parameters were selected as indicators for water quality because they exceed the discharge water
quality criteria during Operations. Starting in Year 50 of closure, the modelled water quality of the Bulk TSF
supernatant pond water meets the discharge water quality criteria for all parameters modelled except for
alkalinity. The alkalinity water quality criteria is a minimum of 20 mg/L, which is met during operations and
closure while the pond water quality is affectad by contact water sources. However, during the final phase
of closure, the pond water guality is no longer affectad by contact water, which is generally high in alkalinity,
resuiting in low alkalinity concentrations in the supernatant pond that are driven by non-contact runoff from
the reciaimed beaches. The water quality of the supernatant pond will be monitored and surplus water from
precipitation events will only be discharged from the Bulk TSF to the downstream NFK catchmeni once it
meets discharge water quality criteria.

VA101-176/57-5 Rev 0

28 of 33
© September 21, 2018

i

@4
)
Z g

@3
(=
-
o
]

EPA-6692-0000230



WKPLWA-Pr$\I\0N\00176\57\A\Data\Water Management Plan\Area E and North Pond Optimizatiom\Water Quality\Results\Closure\[Comparison Chart_21Sep2018]F6.1 - BulkTSF
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THE PEBBLE PARTNERSHIP

PEBBLE PROJECT

BULK TSF SUPERNATANT POND 50TH PERCENTILE
WATER QUALITY PREDICTIONS FOR THE END OF PHASE
3 AND BEGINNING OF PHASE 4

REF. NO.
5
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Water from the Open Pit Lake will be treated al WTP#3. Surplus water from the Open Pit Lake will be
pumped o WTPH#3 when pumping is required to maintain target waler levels while the PAG waste rock and
pyritic tallings are being transferred (o the Open Pit, and to maintain water levels at or balow the MM Level
over the long-term.

The water quality model predicts a change in water quality in the Open Pit Lake at Closure Year 15, when
the transfer of pyritic tallings and waste rock into the Open Pit Lake is completed. Prior to this change, both
the quantity and quality of the inflows to the Open Pit Lake are mainly influenced by the pyritic tailings slurry
water and the PAG waste rock. After Closure Year 15, the total inflow 1o the Open Pit Lake decreases and
water guality is dictated by other sources, including surplus water from the Bulk TSF supernatant pond and
the Bulk TSF Main SCP, which is pumped to the Open Pit. The concentrations of several parameters in the
Open Pit Lake are expecied (o exceed waler quality criteria for the long-term.
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Pebble Limited Partnership
Peabble Project
Pebble Mine Site - Closure Water Management Plan

The key information presented in this report is summarized as follows:

e A description of how mine affected water and stormwater will be managed at the mine site throughout
closure of the Projact is providad.

» The transfer of PAG waste rock and pyritic tailings from the Pyritic TSF o the Open Pit will take
approximately 15 years from the start of closure to complete.

¢ The closure water balance mode! indicates the following key resuits:

o Thewater levelin the Open Pit can be maintained at a leve! that allows for the controlled placement
of PAG waste rock while maintaining a minimum waler cover on the pyritic tailings in the Open Pit.

o The Open Pit will be allowed to fill with surface water and groundwater Tollowing the transfer of
PAG waste rock and pyritic tailings, and complets filling is anticipated (o take approximately 20
yvears from the start of closure.

o Once the Open Pit is full, a maximum dewatering rate of 10 cfs will be required to maintain the
water level at or helow the Maximum Management Lavel.

o The Main WMP will be required o provide storage of surplus water from the Bulk T8F, surplus
water from the Bulk TSF Main SCP, and runoff from the Pyritic TSF main embankment, during
Phase 1 of closure prior to the water being trealed at WTP#2.

o The maximum capacily of WTP#2 that is required to manage surplus water from the Main WMP
during Phase 1is 41 cfs. WTP#2 will be decommissioned at the end of Phase 1.

o The maximum capacity of WTP#3 that is required fo manage surplus water from the Open Pit
during Phase 1 is 20 ¢fs, and to manage surplus water from the Bulk TS3F Main SCP and the Open
Pit during Phases 3 and 4 is 48 cfs. The total maximum capacity of WTP#S3 is 49 ¢fs, which is to
manage the 38 cfs from the Open Pit and 11 ¢fs from the Bulk TSF Main SCP.

»  Water quality modelling of the Bulk TSF supernatant pond indicates that the watsr in the pond will
exceed the discharge water quality criteria afler reclamation of the Bulk TSF facility has occurred, due
to the poor water quality of bulk tailings consclidation seepage reporting to the superatant pond.
Therefore, surplus water from the Bulk TSF will be managed at the Open Pit until it has been
demonsirated thal the waler quality of the supernatant pond meets discharge water quality criteria.
Under the current modeling assumptions, during closure Year 50 when the bulk tailings consoclidation
saapage raeporting o the supernatant pond is assumed to be minimal, the water quality of the Bulk TSF
supernatant pond will meet all discharge critaria except Tor alkalinity.

¢ The water quality modelling results for the Bulk TSF seepage indicate that under the current
assumptions the seepage from the Bulk TSF will require treatment at WTP#3 for the long-term.
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Pebble Limited Partnership
Peabble Project
Pebble Mine Site - Closure Water Management Plan
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Febble Limited Patnership
Pabble Project
Pebble Mine Site - Clusure Water Management Plan
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TABLE A1

THE PEBBLE LIMITED PARTNERSHIP
PEBBLE PROJECT

FLOW PATH NUMBER AND DESCRIPTIONS

Print: Sep/21/18 10:33:03

Flow Path Number and Description Flow Path Number and Description (Cont.}
1 |Direct Precipitation on Open Pit 41 {Diversion Channe! Leakage to Bulk TSF Main SCP
2 {Undisturbed Surface Runoff to Open Pit 42 |Bulk TSF Main Embankment Runoff
3 |Diversion Channel Leakage o Open Pit 43 |Pond Evaporation from Bulk TSF Main SCP
4 \Groundwater to Open Pit 44 |Surplus Water from Bulk TSF Main SCP
5 |Additional Snow blow to Open Pit 45 |Undisturbed Surface Runoff to Bulk TSF South Embankment SCP
6 |Open Pit Dewatering 46 |Diversion Channel Leakage to Bulk TSF South Embankment SCP
7  |Direct Precipitation on OP WMP 47 |Bulk TSF South Embankment Runoff
8 {Undisturbed Surface Runoff to OP WMP 48 |Direct Precipitation on Main WMP
9 |Pond Evaporation from OP WMP 49  |Undisturbed Surface Runoff to Main WMP
10 |Dust Suppression 50 |Diversion Channel Leakage to Main WMP
11 {Surplus to Main WMP from OP WMP 51 |Mill Site Runoff
12 {Surplus to WTP#1 from OP WMP 52 |Pyritic TSF Main Embankment Runoff
13 (Water in Ore 53 |Pond Evaporation from Main WMP
14 {Treated Water from Mill/Process 54  [Main WMP Water to WTP#2
15 |Reclaim Water from Main WMP for Mill/Process 55  |Reject Flows from WTP #1
16 |Water in Concentrate 56 |Flows Released to Environment from WTP #1
17 |Bulk Tailings Slurry Water 57 |Reject Flows from WTP #2
18 |Pyritic Tailings Slurry Water 58 |Flows Released to Environment from WTP #2
19 |Treated Water for Cooling Towers 59 |Diverted Runoff from Quarry B
20 |Cooling Tower Evaporation 60 |Diverted Runoff from Quarry C
21 |Blowdown Water to Main WMP 61 |Diversion Channel Flow
22 |Direct Precipitation on Pyritic TSF 62 |Reject Flows from WTP #3
23 {Undisturbed Surface Runoff fo Pyritic TSF 63 |Flows Released to Environment from WTP #3
24 |Diversion Channel Leakage to Pyritic TSF 64 |Pyritic Tailings Re-Slurry Make-up Water from Open Pit
25 |Recycle from Seepage Collection Ponds to Pyritic TSF 65  |Pyritic Tailings Re-Slurry Water to Open Pit
26 |Pond Evaporation from Pyritic TSF 66 |Pyritic Tailings Re-Slurry Make-up Water from Main WMP
27 |Pyritic Tailings Void Losses in the Pyritic TSF 67 |Pyritic Tailings Void Losses in the Open Pit
28 |PAG Waste Rock Void Losses in the Pyritic TSF 68 |PAG Waste Rock Void Losses in the Open Pit
28 |Surplus Water from Pyritic TSF 69 |Reclaimed Bulk Tailings Beach Runoff
30 |Direct Precipitation on Supernatant Pond 70 {Pond Evaporation from Open Pit
31 |Undisturbed Surface Runoff fo Bulk TSF 71 {Surplus to WTP#3 from OP WMP during drainage
32 |Diversion Channel Leakage to Bulk TSF 72 Pit Wall Runoff from Open Pit
33 |Recycle from Seepage Collection Ponds to Bulk TSF 73 |Sludge Flows from WTP#2
34 |Bulk Tailings Beach Runoff 74  {Sludge Flows from WTP#3
35 |Pond Evaporation from Supernatant Pond 75 |Seepage through South and East Embankments
36 |Bulk Tailings Void Losses 76 |Recycle from Seepage Collection Ponds to Bulk TSF Main SCP
37 |Seepage through Main Embankment 77 |Tailings Consolidation Seepage
38 |Surplus Water from Bulk TSF
39 |Direct Precipitation on Bulk TSF Main SCP
40 |Undisturbed Surface Runoff to Bulk TSF Main SCP
MATOT\00176\57\A\Data\Water Management PlaniClosure\[Water Balance

Schematic_Closure_218ept18.xisx]Table_Flow Paths

NOTES:
1. FLOW PATH NUMBER CORRESPONDS TO FLOW SCHEMATIC PRESENTED ON FIGURES A1 TO A4,

2. OP = OPEN PIT, PAG = POTENTIALLY ACID GENERATING, SCP = SEDIMENT COLLECTION POND, TSF = TAILING STORAGE FACILITY, WMP = WATER MANAGEMENT POND, WTP = WATER TREATMENT PLANT.

[ o ] 21sEPtie [ISSUEDWITHREPORT [ e as ]
[rev T e ] DESCRIPTION [PrEPD TRVWD |

A-10f10
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TABLE A2

PEBBLE LIMITED PARTNERSHIP
PEBBLE PROJECT

AVERAGE ANNUAL FLOW BALANCE
CLOSURE PHASE 1 - YEAR 10

Print Sep/21/18 15:40:41

Flow Path Number and Description

Average Annual Flow {cfs)

Relatively Dry Conditions

Average Conditions

Relatively Wet Conditions

Oper Pit B

(Open Pit Inflows|
1 Direct Precipitation 1 1 2
2 Undisturbed Surface Runoff <1 1 1
3 Diversion Channel Leakage <1 <1 1
4 Groundwater 5 5 5
5 Additional Snowblow 1 1 1
65 Pyritic Tailings Re-Slurry Water to Open Pit 36 36 36
72 Pit Wall Runoff 2 3 3
57+ 73 Reject Flows and Sludge Flows from WTP #2 1 1 1
62+ 74 Reject Flows and Sludge Flows from WTP #3 0 0 0
Subtotal Inflows 46 47 50
(Open Pit Outflows
6 Open Pit Dewatering to WTP#3 <1 <1 <1
64 Make-up Water to Pyritic TSF 28 26 24
67 Pyritic Tailings Void Losses 3 3 3
68 PAG Waste Rock Void Losses 2 2 2
70 Pond Evaporation <1 <1 <1
Subtotal Outflows 33 31 23
Change in Storage 13 16 21
Balance {Inflows - Outflows - Change in Storage) 0 0 0
Pytitic Tallings and PAG Waste Rock Management Facility [Pyriic TSF) .
Pyritic TSF Inflows
22 Direct Precipitation 2 3 3
23 Undisturbed Surface Runoff 2 4 5
24 Diversion Channel Leakage <1 <1 <1
25 Seepage Collection Recycle Ponds <1 <1 <1
64 Make-up Water from Open Pit 28 26 24
66 Make-up Water from Main WMP 0 0 0
Subtotal inflows 32 32 32
Pyritic TSF Outflows
26 Pond Evaporation 1 1 <1
29 Surplus Water from Pyritic TSF 0 0 0
65 Pyritic Tailings Re-Slurry Water to Open Pit 36 36 36
Subtotal Outfiows 36 37 36
Change in Storage -4 -4 -4
Balance {Inflows - Outflows - Change in Storage) 0 0 0
BUlk Tallings Mabagement Faslity (BUK TSE e
Bulk TSF Inflows
30 Direct Precipitation on Supernatant Pond 1 2 3
31 Undisturbed Surface Runoff 5 8 10
32 Diversion Channel Leakage <1 <1 <1
34 Bulk Tailings Beach Runoff - Reclaimation in Progress 9 14 18
77 Bulk Tailings Consolidation Seeapge 2 2 2
Subtotal inflows 17 26 34
Bulk TSF Outflows
35 Pond Evaporation <1 <1 <1
37+75 Seepage through Emankments 5 6 6
38 Surplus water from Bulk TSF to Main WMP 17 25 33
Subtotal Outflows 23 31 40
Change in Storage -5 -4 -6
Balance {Inflows - Qutflows - Change in Storage) 0 0 0
BUlk TSE Main Embanknient Seepage Collsetion Bend (BURTER MR SCRY T
Bulk TSF Main SCP Inflows
39 Direct Precipitation <1 1 1
40 Undisturbed Surface Runoff 2 4 5
41 Diversion Channel Leakage <1 1 1
42 Bulk TSF Main Embankment Runoff 1 2 2
37 Seepage through Emankments 5 6 6
76 Surplus from South and East SCRP 2 3 3
Subtotal Inflows 10 17 17
Bulk TSF Main SCP Qutflows
43 Pond Evaporation <1 <1 <1
44 Surplus Water to Main WMP 9 13 14
Subtotal Outflows 9 13 14
Change in Storage 1 4 4
Balance {Iinflows - Outflows - Change in Storage) 0 0 0
A-2 of 10
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AVERAGE ANNUAL FLOW BALANCE

TABLE A.2 (continued)

PEBBLE LIMITED PARTNERSHIP
PEBBLE PROJECT

CLOSURE PHASE 1 - YEAR 10

Print Sep/21/18 15:40:41

Flow Path Number and Description

Average Annual Flow {cfs)

Relatively Dry Conditions

Average Conditions

Relatively Wet Conditions

FUIK TSE Sauth and EJst Sedpade and Recyeld Gollaction Pond ]

Seepage Pond Inflows
45 Undisturbed Surface Runoff 1 2 2
46 Diversion Channel Leakage <1 1
47 Bulk TSF South Embankment Runoff <1 <1
75 Bulk TSF Seepage <1 1 <1
Subtotal Inflows 2 3
Seepage Pond Outflows
76 Surplus Water to Bulk TSF Main SCP 2 3 3
Subtotal Outflows 2 3 3
Balance (Inflows - OQutflows) 0 0 [1]
el Water Managerent ReRd MR WMEY T
Main WMP Inflows
29 Surplus Water from Pyritic TSF 0 0 0
38 Surplus from Bulk TSF 17 25 33
44 Surplus Water from Bulk TSF Main SCP 9 13 14
48 Direct Precipitation 3 4 6
49 Undisturbed Surface Runoff 5 8 11
50 Diversion Channel Leakage <1 <1 <1
52 Pyritic TSF Main Embankment Runoff 1 1 1
Subtotal inflows 35 52 66
Main WMP Outflows
53 Pond Evaporation 1 1 1
54 Surplus Water to WTP#2 41 41 41
66 Make-up Water to Pyritic TSF 0 0 0
Subtotal Outflows 42 42 43
Change in Storage -7 10 23
Balance {Inflows - Outflows - Change in Storage) [1] 0 0
WateE Theathent PIRRER DWTRATY T
WTP#2 Inflows
54 Surplus from Main WMP 41 41 41
Subtotal inflows 41 41 41
IWTP#2 Outflows
57+ 73 Reject Flows and Sludge Flows from WTP #2 1 1 1
58 Flows Released to Environment 40 40 40
Subtotal Outflows 41 41 41
Balance {Inflows - Outflows) [1] 0 0
et Tieatmient Plant 83 [WIH #3 S
WTP#3 Inflows
6 Open Pit Dewatering 0 0 0
Subtotal inflows 0 0 0
IWTP#3 Outflows
62+ 74 Reject Flows and Sludge Flows from WTP #3 0 0 0
63 Flows Released to Environment 0 0 0
Subtotal Outflows 0 0 0
Balance {Inflows - Outflows) [1] 0 0
Flows Released from WIPS to Downstream Brvirorment T e
58 Treated Flows from WTP#2 40 40 40
63 Treated Flows from WTP#3 0 0 0
Total Flows Released to Downstream Environment 40 40 40
MITWOT00T 76\ AAData\Water Management Plan\Closure\[Water Balance schematic Results_WBMO29_revl_byReahzation. Xisx| 1able_WaterbalanceResults_7

NOTES:

1. FLOW PATH NUMBER CORRESPONDS TO FLOW SCHEMATIC PRESENTED ON FIGURE A1,
2. CHANGE IN STORAGE WITHIN THE PONDS ARE A FUNCTION OF THE WATER MANAGEMENT OPERATING CRITERIA. A CHANGE IN STORAGE INDICATES IF THE POND HAS ACCUMULATED

OR DECREASED POND YOLUME FROM THE START OF THE YEAR.

[ INEE ]

0 ] 21Sept13_ [ISSUED WITHREPORT A
REV | DATE | DESCRIPTION {PREPD [ RWWD |
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TABLE A3

PEBBLE LIMITED PARTNERSHIP
PEBBLE PROJECT

AVERAGE ANNUAL FLOW BALANCE
CLOSURE PHASE 2 - YEAR 20

Print Sep/21/18 15:40:41

Flow Path Number and Description

Average Annual Flow {cfs)

Relatively Dry Conditions Average Conditions

Relatively Wet Conditions

NOTES:

1. FLOW PATH NUMBER CORRESPONDS TC FLOW SCHEMATIC PRESENTED ON FIGURE A 2.
2. CHANGE IN STORAGE WITHIN THE PONDS ARE A FUNCTION OF THE WATER MANAGEMENT OPERATING CRITERIA. A CHANGE IN STORAGE INDICATES IF THE POND HAS ACCUMULATED OR DECREASED

POND VOLUME FROM THE START OF THE YEAR.

) | ZSept18 IKSSUEDWITHREPORT | AS
REV | DATE DESCRIPTION

[ ]
[Prepc RV |

A-4 of 10

open it L
Open Pit Inflows
1 Direct Precipitation 3 3 4
2 Undisturbed Surface Runoff 2 2 3
4 Groundwater 4 4 4
5 Additional Snowblow 1 1 1
38 Surplus from Bulk TSF 17 17 17
44 Surplus from Bulk TSF Main SCP 9 12 16
62+ 74 Reject Flows and Sludge Flows from WTP #3 0 0 0
72 Pit Wall Runoff from Open Pit 1 1 1
Subtotal Inflows 36 41 47
Open Pit Ouiflows
6 Open Pit Dewatering 4] 0 4]
70 Pond Evaporation 1 1 1
Subtotal Outflows 1 1 1
Change in Storage 35 40 46
Balance (inflows - Outflows - Change in Storage) [] [1] []
BTk Tailings Managenent Facility (BUIK TSE e
Bulk TSF Inflows
30 Direct Precipitation on Supernatant Pond 1 1 3
31 Undisturbed Surface Runoff 5 6 10
69 Bulk Tailings Reclaimed Beach Runoff 9 12 19
[ Bulk Tailings Consolidation Seeapge 1 1 1
Subtotal inflows 16 21 33
Bulk TSF Outflows
35 Pond Evaporation <1 <1 <1
37 Seepage through Embankments 4 4 4
38 Surplus to Open Pit 17 17 17
Subtotal Outflows 20 21 21
Change in Storage -4 [1] 12
Balance {Inflows - Qutflows - Change in Storage) 0 0 0
[BUIKTSE Main Embankment Sespage Collectioh Pand (BUKTSE MamsCRy 11 0 e e
Seepage Pond Inflows
39 Direct Precipitation <1 1 1
40 Undisturbed Surface Runoff 2 3 5
41 Diversion Channel Leakage <1 1 1
42 Bulk TSF Main Embankment Runoff 1 1 2
37 Seepage through Embankments 4 4 4
76 Recycle from Seepage Collection Ponds to Bulk TSF Main SCP 2 2 3
Subtotal Inflows 9 12 16
Seepage Pond Outflows
43 Pond Evaporation <1 <1 <1
44 Surplus Water to Open Pit 9 12 16
Subtotal Qutflows 9 12 16
Change in Storage [1] [] [1]
Balance {Inflows - Outflows - Change in Storage) [1] [] [1]
BUIKTSE South abd Edst Seepage dnt Recycls Collection Fond R
Seepage Pond Inflows
45 Undisturbed Surface Runoff 1 2 2
46 Diversion Channel Leakage <1 <1 1
47 Bulk TSF South Embankment Runoff <1 <1 <1
75 Bulk TSF Seepage <1 <1 <1
Subtotal Inflows 2 2 3
Seepage Pond Outflows
76 Surplus Water to Bulk TSF Main SCP 2 2 3
Subtotal Outflows 2 2 3
Balance {Inflows - Outflows) [1] [] [1]
WateT TreatmEnt BAREBS OWTRE) T
IWTP#3 Inflows
6 Open Pit Dewatering 0 1] 0
Subtotal Inflows 0 0 0
IWTP#3 Ouiflows
62+ 74 Reject Flows and Sludge Flows from WTP #3 0 1] 0
63 Flows Released to Environment 0 0 0
Subtotal Outflows 0 0 0
Balance {Inflows - Outflows) [1] [] [1]
[Flows Relzased f Dawnstieant Envitantient 00
63 Treated Flows from WTP#3 0 0 0
It | Total Flows Released to Downstream Environment| 0 0 | 0 It
MITOT00176\57 1A\ DataiWater Management PlaniClosure\[Water Balance Schematic Results_WBMO029_rev0_byRealization.xlsx| Table_WaterBalanceResults_2
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TABLE A4

PEBBLE LIMITED PARTNERSHIP
PEBBLE PROJECT

AVERAGE ANNUAL FLOW BALANCE
CLOSURE PHASE 3 - YEAR 40

Print Sep/21/18 15:40:41

Average Annual Flow {cfs)
Relatively Dry Conditions Average Conditions Relatively Wet Conditions

Flow Path Number and Description

opeie¢ .« . 0 . 2 ]
Open Pit Inflows|
1 Direct Precipitation 2 3 4
2 Undisturbed Surface Runoff 1 3 3
4 Groundwater 4 4 4
5 Additional Snowblow 1 1 1
38 Surplus Water from Bulk TSF 0 25 42
62 + 74 Reject Flows and Sludge Flows from WTP #3 1
72 Pit Wall Runoff from Open Pit <1
Subtotal Inflows 10 37 56
Open Pit Outflows
6 Surplus to WTP#3 19 28 30
70 Pond Evaporation 1 1 1
Subtotal Outflows 20 29 31
Change in Storage -9 8 26
Balance (Inflows - Outilows - Change in Storage) 0 0 0
[BUlk Tallings Maragement Faciy (BUIRTSEY 00
Bulk TSF inflows
30 Direct Precipitation on Supernatant Pond 1 1 2
31 Undisturbed Surface Runoff 4 7 10
69 Reclaimed Bulk Tailings Beach Runoff 9 15 18
77 Bulk Tailings Consolidation Seeapge <1 <1 <1
Subtotal Inflows 13 24 31
Bulk TSF Outflows
35 Pond Evaporation <1 <1 <1
37 +75 Seepage through the Embankments 2 2 2
38 Surplus to Open Pit 0 25 42
Subtotal Outflows 2 27 44
Change in Storage 12 -3 -13
Balance (Inflows - Outilows - Change in Storage) 0 0 0
[BUIk TSF Main Entbankment Sespage Collection Pord (BUKTSEMAINSERY 0 1
Seepage Pond Inflows
39 Direct Precipitation <1 1 1
40 Undisturbed Surface Runoff 2 4 5
41 Diversion Channel Leakage <1 1 1
42 Bulk TSF Main Embankment Runoff 1 2 2
37 Seepage through the Embankments 2 2 2
76 Recycle from Seepage Collection Ponds to Bulk TSF Main SCP 1 2 3
Subtotal Inflows 6 10 13
Seepage Pond Outflows
43 Pond Evaporation <1 <1 <1
44 Surplus Water to WTP#3 <1 <1 <1
Subtotal Outflows 0 0 0
Change in Storage 6 10 13
Balance (Inflows - Outilows - Change in Storage) 0 0 0
BTk TSF South and East Seepage and Recyole Collechion Pond T
Seepage Pond Inflows
45 Undisturbed Surface Runoff 1 2 2
46 Diversion Channel Leakage <1 <1 1
47 Bulk TSF South Embankment Runoff <1 <1 <1
75 Bulk TSF Seepage <1 <1 <1
Subtotal Inflows 1 2 3
Seepage Pond Outflows
76 Surplus Water to Bulk TSF Main SCP 1 2 3
Subtotal Outflows 1 2 3
Balance {Inflows - Outflows) 0 0 0
T s
WTP#3 Inflows
6 Open Pit Dewatering 19 29 30
44 Surplus from Bulk TSF Main SCP <1 <1 <1
Subtotal Inflows 19 29 30
WTP#3 Cutflows
62 + 74 Reject Flows and Sludge Flows from WTP #3 1 1 1
63 Flows Released to Environment 18 28 29
Subtotal Outflows 19 29 30
Balance {Inflows - Outflows) 0 0 0
63 Treated Flows from WTP#3 18 28 29
i ] Total Flows Released to Downstream Environment 18 28 | 29 I
MATOT007T76\57 Al Data\Water Maragement Plan\Clastre\[Water Balance Schematic Results_WBM029_revl_byRealization. xlsx] Table_WaterBalanceResUlts_3

NOTES:
1. FLOW PATH NUMBER CORRESPONDS TO FLOW SCHEMATIC PRESENTED ON FIGURE A 3.

2. CHANGE IN STORAGE WITHIN THE PONDS ARE A FUNCTION OF THE WATER MANAGEMENT OPERATING CRITERIA. A CHANGE IN STORAGE INDICATES IF THE POND HAS ACCUMULATED OR
DECREASED POND VOLUME FROM THE START OF THE YEAR.

0| 2iseptis [iSSUEDWITHREPORT [ as T usc |
REV | DATE | DESCRIPTION [PrepD TRvWD |
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TABLE A5

PEBBLE LIMITED PARTNERSHIP
PEBBLE PROJECT

AVERAGE ANNUAL FLOW BALANCE
CLOSURE PHASE 4 - YEAR 50

Print Sep/21/18 15:40:41

i

penPit

Flow Path Number and Description

Average Annual Flow {cfs)

Relatively Dry Conditions

Average Conditions

Relatively Wet Conditions

Open Pit Inflows|
1 Direct Precipitation 2 3 5
2 Undisturbed Surface Runoff 1 2 3
4 Groundwater 4 4 4
5 Additional Snowblow 1 1 1
62+ 74 Reject Flows and Sludge Flows from WTP #3 <1 <1 <1
72 Pit Wall Runoff from Open Pit <1 1 1
Subtotal inflows 7 10 14
Open Pit Outflows
6 Open Pit Dewatering 2 <] <]
70 Pond Evaporation 1 1 1
Subtotal Outflows 3 6 7
Change in Storage 4 4 7
Balance (inflows - Outflows - Change in Storage) [] [1] []
BTk Tailings Managenent Facility (BUIK TSE e
Bulk TSF Inflows
30 Direct Precipitation on Supernatant Pond <1 1 2
31 Undisturbed Surface Runoff 3 7 12
69 Reclaimed Bulk Tailings Beach Runoff 5 13 19
[ Bulk Tailings Consolidation Seeapge 0 0 0
Subtotal inflows 7 21 33
Bulk TSF Outflows
35 Pond Evaporation <1 <1 <1
37 Seepage through Main Embankment 1 1 1
38 Surplus to Environment 7 20 32
75 Seepage through South and East Embankments <1 <1 <1
Subtotal Outflows 7 21 33
Change in Storage [] [1] []
Balance (inflows - Outflows - Change in Storage) [] [1] []
BOKTSE Mdin Embankment Ssepags Collection Pond (BUIRTSE Muin SCRY T i
Seepage Pond Inflows
39 Direct Precipitation <1 1 1
40 Undisturbed Surface Runoff 1 3 5
41 Diversion Channel Leakage <1 1 1
42 Bulk TSF Main Embankment Runoff 1 1 2
37 Seepage through Main Embankment 1 1 1
76 Recycle from Seepage Collection Ponds to Bulk TSF Main SCP 1 1 3
Subtotal inflows 4 9 13
Seepage Pond Outflows
43 Pond Evaporation <1 <1 <1
44 Surplus Water to WTP#3 3 5 8
Subtotal Outflows 3 5 9
Change in Storage 1 4 4
Balance (inflows - Outflows - Change in Storage) [] [1] []
BUKTSE South ahd East SeePate and Recyele CollestionPand T 1 T R i
Seepage Pond Inflows
45 Undisturbed Surface Runoff 1 1 2
46 Diversion Channel Leakage <1 <1 1
47 Bulk TSF South Embankment Runoff <1 <1 <1
75 Bulk TSF Seepage <1 <1 <1
Subtotal inflows 1 1 3
Seepage Pond Outflows
76 Surplus Water to Bulk TSF Main SCP 1 3
Subtotal Outflows 1 1 3
Balance {Inflows - Outflows} [] [1] []
Water TrESmERE BIBBERT NIRRT
WTP#3 Inflows
6 Open Pit Dewatering 2 6 [
44 Surplus Water from Bulk TSF Main SCP 3 5 8
Subtotal inflows 5 10 14
WTP#3 Outflows
62 + 74 Reject Flows and Sludge Flows from WTP #3 <1 <1 <1
63 Flows Released to Environment 5 10 14
Subtotal Outflows 5 10 14
Balance {Inflows - Outflows) [1] [] [1]
[Flows Relgased f Dawnstieant Envitantient 00
63 Treated Flows from WTP#3 5 10 14
I Total Flows Released to Downstream Environment| 5 10 14 I

MATOTO0T76157\AY

NOTES:

ata\Water Management Plan\Closurel(Water Balance Schematic Results_ WBMO028_rev0_byRealization xlsx] Table_WaterBalanceResults_4

1. FLOW PATH NUMBER CORRESPONDS TC FLOW SCHEMATIC PRESENTED ON FIGURE A 4.

2. CHANGE IN STORAGE WITHIN THE PONDS ARE A FUNCTION OF THE WATER MANAGEMENT OPERATING CRITERIA. A CHANGE IN STORAGE INDICATES IF THE POND HAS ACCUMULATED OR
DECREASED POND VOLUME FROM THE START OF THE YEAR.
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Print 9/21/2018 2:20 PM

—> Diversion Channel —>|

39 43 g 57,73
a1
! |

54 51

I —_> Diversion Channel —_

52 | —_— Diversion Channel ~ ——>

30 35 31 32 34 38

l(— Diversion Channel <——

61

| -3  Diversion Channel ——3> |

LEGEND:

3 FLOW PATH NUMBER
—% RUNOFF, GROUNDWATER, AND SEEPAGE PATHWAY
g PUMPED FLOW

NOTES:
1. FLOW PATH NUMBERS CORRESPOND WITH FLOW VALUES SUMMARIZED IN TABLE A.2.
2. BULK TSF BEACHES UNDERGO CAPPING BEGINNING IN CLOSURE YEAR 10.
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Print 9/21/2018 2:20 PM
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LEGEND:

3 FLOW PATH NUMBER
—% RUNOFF, GROUNDWATER, AND SEEPAGE PATHWAY
g PUMPED FLOW

NOTES:
1. FLOW PATH NUMBERS CORRESPOND WITH FLOW VALUES SUMMARIZED IN TABLE A.3.
2. WTP#3 REPLACES WTP#1 FOR CLOSURE PHASES.
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Print 9/21/2018 2:20 PM

LEGEND:

3 FLOW PATH NUMBER
—% RUNOFF, GROUNDWATER, AND SEEPAGE PATHWAY
g PUMPED FLOW

NOTES:
1. FLOW PATH NUMBERS CORRESPOND WITH FLOW VALUES SUMMARIZED IN TABLE A 4.
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LEGEND:

3 FLOW PATH NUMBER
—% RUNOFF, GROUNDWATER, AND SEEPAGE PATHWAY
g PUMPED FLOW

NOTES:
1. FLOW PATH NUMBERS CORRESPOND WITH FLOW VALUES SUMMARIZED IN TABLE A.5.
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() knight piesold
TABLE B1.1

THE PEBBLE PARTNERSHIP
PEBBLE PROJECT

CLOSURE WATER QUALITY SOURCE TERMS AND ASSUMPTIONS
95TH PERCENTILE GEOCHEMICAL SOURCE TERMS

Print: Sep/21/18 15:04:07

Area E - Open Pit -
Background Overburden Other Rock Open Pit Tailings Area E Decommissio Closure
ning
Non- Non- . . Tailings | Rougher .
Direct Contact | Contact | Ground | o\ o |y e Rock|Waste Rock g:z;r::ﬁ g:z;r::ﬁ Wall Wall Wall In-Pit in-Pit | Bulk Tailings :::::"?;i Rougher | Pond | Tailings 1;2&"&;% Exposed Backfilled
Precipitation | Surface Surface Water (Dams) (Dams) Runoff Runoff Runoff Stockpile | Stockpile Water reagent tailings Adjustme Sand area Waste Rock | Waste Rock
Parameters Water Water nt Wedge
NFK SFK N Pre- Pre- | rerti N Entrained High Pyritic | High Pyriti
(NK118A) | SK100F Pit area Tertiary Tertiary Non-Acidic Ac(i):i;: Tertiar_y - Tertial"y - Noil-rcri};li‘c Non-Acidic Ac?:i-c Supernatant Runoff ;o::;:‘:e Pond Seepage Total Load !lgaillir):gslc Itiillirglslc
Non-Acidic| Acidic
mg/L mg/L mg/L mg/L mg/L mg/L mg/t of new mg/L mg/t of mg/L mg/L mg/L mg/L mg/t of mg/L mg/t of ore mg/m2/we mg/L mg/L mg/L kglyear mg/L mg/L
rock new rock new rock ek
pH 55 6.5 6.8 6.7 6.8 7.7 - 8.4 - 8.1 3.5 8.2 8 - 8 - 0.0 6.7 8 8.6 - 3.0 3.0
b\lkalinity 0 15 18 33 18 26 - 490 - 49 0 69 800 - 97 220000 220 33 - 770 23000 14.0 14.0
f[Chloride 0 0.62 0.71 0.8 0.71 23 - 8.3 - 2.2 6.935 2.260 23.000 - 17.000 2068.840 1.684 0.804 - 9.300 6042.718 6.935 6.935
Fluoride 0 0.032 0.04 0.072 0.04 0.86 - 0.87 - 0.32 0.45 0.11 1.8 - 0.48 0 0.55 0.072 - 0.9 1900 2.785 2.785
Sulfate 0 1.2 7.8 4.9 7.8 1500 - 2400 - 88 280 29 2400 - 160 920000 67 4.9 2400 2400 800000 31000 31000
IAluminum 0 0.036 0.054 0.0034 0.054 0.049 - 1.3 - 0.0011 23 0.0015 2.6 - 0.011 480 0.38 0.0034 0.0006 2.5 980 750 750
Antimony 0 0.00011 | 0.000064 | 0.000031 0.000064 0.2 - 0.15 - 0.0022 0.001 0.018 0.2 - 0.0025 2.4 0.021 0.000031 - 0.2 76 0.036 0.036
Arsenic 0 0.00015 0.00038 0.00045 0.00038 0.19 - 0.19 - 0.02 0.034 0.043 0.4 - 0.002 3.3 0.096 0.00045 - 0.26 67 0.90 0.90
Barium 0 0.0025 0.0049 0.0064 0.0049 6.2 - 0.1 - 0.14 0.06 1 0.36 - 0.023 42 0.043 0.0064 - 0.15 370 0.07 0.07
fICadmium 0 0.000011 | 0.000013 | 0.00002 0.000013 0.011 - 0.0055 - 0.002 0.026 0.00023 0.22 - 0.000061 14 0.00017 | <0.00002 - 0.01 7.2 1.1 1.1
[Calcium 0 3.9 6.1 14 6.1 540 - 760 - 30 9.9 25 940 - 66 150000 72 14 - 770 290000 800 800
[[Chromium 0 0.00022 0.00027 0.00051 0.00027 0.02 - 0.02 - 0.00082 0.0017 0.0011 0.02 - <0.0005 3.1 0.0016 0.00051 - 0.02 6.1 0.19 0.19
ICobalt 0 0.000076 | 0.00011 0.0001 0.00011 0.022 - 0.049 - 0.02 0.25 0.00061 0.88 - 0.00064 31 0.00033 0.0001 - 0.05 55 3.2 3.2
{[Copper 0 0.00037 0.0021 0.00044 0.0021 0.025 - 0.16 - 0.0064 6.4 0.0041 1.3 - 0.01 30000 0.017 0.00044 0.01 0.37 1400 640 640
fliron 0 0.15 0.55 0.02 0.55 0.0021 - 1.7 - 0.002 39 0.002 16 - <0.03 11000 0.1 0.02 0.002 1.8 370 1800 1800
fiLead 0 0.00016 0.00028 0.0001 0.00028 0.012 - 0.05 - 0.000091 0.0081 0.00047 0.062 - <0.00005 21 0.00021 0.0001 - 0.05 34 0.049 0.049
{IMagnesium 0 0.73 1.5 1.1 15 49 - 99 - 10 1.9 2.5 120 - 16 85000 18 1.1 - 99 92000 190 190
{IManganese 0 0.009 0.049 0.44 0.049 1.5 - 2.4 - 1.9 13 0.14 6.2 - 0.56 18000 0.21 0.44 2 2.9 5300 56 56
{IMercury 0 0.0000011 {0.0000011 | 0.0000009 | 0.0000011 0.0022 - 0.0005 - 0.0000035 | 0.000011 | 0.0000027 0.0062 - <0.00001 0.1 0.000036 | 0.0000009 - 0.0005 0.14 0.001 0.001
{IMolybednum 0 0.00016 0.00051 0.00026 0.00051 0.45 - 9.8 - 0.051 0.0084 0.15 7.8 - 0.038 7.5 0.068 0.00026 - 12 140 1.9 1.9
INickel 0 0.00022 0.00035 0.00065 0.00035 0.11 - 0.05 - 0.013 0.2 0.0023 0.32 - 0.0021 92 0.0019 0.00065 - 0.05 36 20 20
Potassium 0 0.21 0.37 0.34 0.37 - 3300 36 2600 4.7 0.0004 4.7 - 2600 31 35000 21 0.34 - 36 20000 140 140
Selenium 0 0.00014 0.00041 0.0011 0.00041 0.22 - 0.055 - 0.016 0.13 0.016 0.048 - 0.006 20 0.0034 0.0011 - 0.055 42 0.12 0.12
Silver 0 0.0000046 | 0.0000043 | <0.000006 | 0.0000043 0.0022 - 0.01 - 0.00003 | 0.000092 | 0.000042 0.01 - 0.000017 0.069 0.000032 | <0.000006 - 0.01 0.14 0.013 0.013
Sodium 0 2 2.4 2.5 2.4 - 45000 110 4000 8.7 0.008 9.8 - 4000 28 100000 6.9 2.5 - 130 30000 41 41
Thallium 0 0.0000056 | 0.0000078 | 0.0000073 | 0.0000078 0.001 - 0.00049 - 0.0008 0.0022 0.00046 0.001 - 0.000067 0.62 0.00017 |0.0000073 - 0.0005 1.1 0.005 0.005
Zinc 0 0.0017 0.0032 0.0015 0.0032 0.24 - 0.97 - 0.36 2 0.0078 8.8 - 0.0029 1800 0.0046 0.0015 - 1.9 1300 170 170
Nitrate N 0 0 - - 0 - - - 4700 - - - 0 390 - 0 - - - - - - -

MANCTN00176\57\A\Reporti5 - Closure Water Management ReportiRev (\Appendix B\[Appendix B1.xIsx]Table 1_WQ_Source_Terms_NAB

NOTES:
1. SOURCE TERM VALUES WERE PROVIDED BY SRK (SRK 2018).
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THE

TABLE B1.2

PEBBLE PARTNERSHIP
PEBBLE PROJECT

CLOSURE WATER QUALITY SOURCE TERMS AND ASSUMPTIONS

SOUR

CE TERM ASSUMPTIONS

Print: Sep/21/18 15:04:07

Flow Path | Description | Assigned Water Quality
Open Pit
1,572 rDJ;icﬁt)PreCIpﬁatlon and Additional Snowblow (Pit wall Pit wall source term based on the lithological units.
70 Evaporation None
2 Undisturbed Surface Runoff Non-Contact Surface Water (SFK SK100F)
3 Diversion Channel Leakage Non-Contact Surface Water (SFK SK100F)
4 Groundwater Groundwater (Pit area)
71 Surplus from OP WMP Calculated Concentration in the Open Pit Water Management Pond
44 Surplus Water from Bulk TSF Main SCP Calculated Concentration in the Main Embankment Seepage Collection Pond
64 Ei);ntlc Tailings Re-Slurry Make-up Water from Open Calculated Concentration in Open Pit after losses
65 Pyritic Tailings Re-Slurry Water to Open Pit Calculated Concentration in Pyritic TSF (assuming full mixing)
67 PAG Waste Rock Void Losses in the Open Pit Calculated Concentrations in the Open Pit
68 Pyritic Tailings Void Losses in the Open Pit Calculated Concentrations in the Open Pit
57,62,73,74 Reject Flows from WTP's WTP's - Sludge and Reject Concentrations
Exposed Waste Rock High Pyritic Taillings (From the Start of Backfilling in Open Pit)
PAG Waste Rock (submerged) PAG WR 41% of Facility Area (Before the Start of Backfilling in Open Pif)
Water Treatment Plant #3 (WTP#3)
16 Water in Concentrate Combined Concentrations after applying Tailings Pond Adjustment (Pond)
15 Reclaim Water from Main WMP Concentration in the Main Water Management Pond
Bulk Tailings Management Facility (Bulk TSF)
30 Direct Precipitation on Supernatant Pond Direct Precipitation
35 Evaporation None
17 Bulk Tailings Slurry Water Calculated Concentrations in the Mill after applying Tailings Pond Adjustment (Pond)
. uarried Rock Fill (Dams) (Non-Acidic) during reclamation (Closure Year 1 - Closure Year 10) and Non
34,69 Bulk Tailings Beach Runoff CClontact Surface W(ater (N)F(K {NK1 19A))) aftergreclamation c(ompleted (Closure Year 11 onwart)is)
33 Recycle from Southeast Seepage Collection Pond Concentration in the Seepage Collection Pond
Recycle
45 Undisturbed Runoff Non-Contact Surface Water (NFK (NK119A))
45 Seepage Concentration in the Bulk TSF
46 Diversion Channel Leakage Non-Contact Surface Water (NFK (NK119A))
47 Bulk TSF South Embankment Runoff Quarried Rock Fill (Dams) (Non-Acidic)
75 Seepage through South Embankment Rougher Tailings Sand Wedge (Seepage)
77 Tailings Consolidation Seepage Calculated Concentrations within the Bulk TSF Voids
Bulk TSF Main Embankment Seepage Collection Pond (Bulk TSF Main SCP)
39 Direct Precipitation Direct Precipitation
43 Evaporation None
40 Undisturbed Surface Runoff Non-Contact Surface Water (NFK (NK119A))
41 Diversion Channel Leakage Non-Contact Surface Water (NFK (NK119A))
37 Seepage through main Embankment Rougher Tailings Sand Wedge (Seepage)
42 Bulk TSF Main Embankment Runoff Quarried Rock Fill (Dams) (Non-Acidic)
76 Seepage through south and east Embankments Rougher Tailings Sand Wedge (Seepage)
Pyritic Tailings and PAG Waste Rock Management Facility (Pyritic TSF)
22 Direct Precipitation Direct Precipitation
26 Evaporation None
24 Diversion Channel Leakage Non-Contact Surface Water (NFK (NK119A))
66 \Ij\}/&t;: Tailings Re-Slurry Make-up Water from Main Concentration in the Main WMP
64 Re-slurry makeup from Open Pit Calculated Concentrations in the Open Pit
97 Pyritic Tailings Void Losses Calculated Concent_rations in the Mill after applying Tailings Pond Adjustment (Pond) fo the Pyritic
Slurry and WTP Rejects
58 PAG Waste Rock Voids gﬂﬁslzfjvﬁigcéltjggns in the Mill after applying Tailings Pond Adjustment (Pond) fo the Pyritic
Main Water Management Pond (Main WMP)
48 Direct Precipitation Direct Precipitation
53 Evaporation None
49 Undisturbed Surface Runoff Non-Contact Surface Water (NFK (NK119A))
21 Blow Down Water to Main WMP Outflow Concentration from WTP#2
51 Mill Site Runoff Quarried Rock Fill (Dams) (Non Acidic)
20 Evaporation None
19 Cooling Tower Evaporation Outflow Concentration from WTP#2
Water Treatment Plant # 2 (WTP#2)
54 Surplus Water from Main WMP Calculated Concentration in the Main Water Management Pond
57 Reject Flows WTP#2 - Sludge and Reject Concentrations
To Environment
58 and 63 Treated Water fo Environment Outflow Concentration from WTP#1, WTP#2, and WTP#3
61 Diversion Channel to Environment Non-Contact Surface Water (NFK (NK119A)/SFK (SK100F))
59+60 Quarry Diversions to Environment Quarried Rock Fill (Dams) (Non Acidic)

MANONO0176\57\A\Report)5 - Closure Water Management Report\Rev 0\Appendix B\{Appendix B1.xIsx]Table 2_WQ_Source_Term_Assump

NOTES:

1. FLOW PATH NUMBERING AND DESCRIPTION WERE BASED ON THE FIGURE A.1 TO A.4 AND TABLE A.1.
2. WATER QUALITY WAS BASED ON 95" PERCENTILE SOURCE TERMS PROVIDED BY SRK (2018).

3. MODEL ASSUMES RETURN OF SLUDGE, REJECT AND QUTFLOW CONCENTRATIONS WERE PROVIDED BY HDR (2018).
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COMBULTING

CLOSURE WATER QUALITY SOURCE TERMS AND ASSUMPTIONS

TABLE B1.3

THE PEBBLE PARTNERSHIP
PEBBLE PROJECT

WATER TREATMENT PLANT CONCENTRATIONS

Print: Sep/21/18 15:04.07

Parameters Units WTP Sludge WTP Reject WTP Outflows
[pH - - - 7
TDS mg/l 15452 260000 467
Alkalinity mg/| 0 0 21
Acidity mg/| 0 0 0
Chloride mg/| 4 0 4.8
Fluoride mg/| 0.31 13.7 0.4
Sulfate mg/| 11520 181744 151
Aluminum mg/l 3 5.55 0.0083
Antimony mg/l 0.572 1.332 0.0034
Arsenic mg/| 0.728 1.665 0.0042
Barium mg/| 0.147 6.464 0.058
(IBerylium mg/l 0.002 0.222 0.0012
(IBismuth my/| 0.54 0 0.000007
(IBoron mg/l 0.81 7.52 5.3
([Cadmium mg/| 0.19 0.027754 0.000049
[Calcium mg/l 3232 11698.1 45.7
IChromium mg/| 0.029 0.13 0.0002
ICobalt mg/| 0.766 1.64 0.0038
Copper mg/| 1.209 0 1.2E-13
fron mg/| 557 0 0.000045
Lead mg/| 0.084 0 0.000024
[IMagnesium mg/| 113 1070.2 5
[Manganese mg/l 13.4 1.010263 0.0016
(IMercury mg/l 0.0059 2.89E-14 0.0000061
IMolybednum mg/l 15.7 0.55509 0.005
fINickel mg/l 0.311 0.088814 0.0001
Potassium mg/| 71.6 38867 29.4
Selenium mg/| 0.097 0.55509 0.005
Silver myg/| 0.015 0.000000118 1.9E-10
Sodium mg/| 440 30235 183
Thallium mg/| 0.0013 0.0029 0.0000045
Silicon mg/l 56 4970 221
Tin mg/| 0.26 0.0082 0.000015
Vanadium mg/| 0.48 2.0649 0.0048
Zinc mg/| 8.2 0.1998 0.00032
Nitrate N mg/l 9.34 3.28 7.3
INitrate mg/| 0.61 1.59 1
fINitrite mg/l 0.0122 0.0318 0.01
Ammonia mg/| 4.7 377.22 1.1

MANON\00176\57\A\Report\5 - Closure Water Management ReportiRev O\Appendix B\[Appendix B1.xIsx]Table 3_WTP_Effluent

NOTES:
1. SOURCE HDR 2018.
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() Knight Pi¢sold

COMBULTING

TABLE B2.1

THE PEBBLE PARTNERSHIP
PEBBLE PROJECT

WATER QUALITY RESULTS - CLOSURE PHASE 1
50TH PERCENTILE

Print: Sep/21/18 15:14:29

Main .
Most Stringent Embankment N Main Water .
Water Quality WTP#2 Inflows Bulk TSF Seepage Pyritic TSF Management Open Pit
Parameters Units Standards in Collection Pond Pond
Receiving Water
Body Maximum NMonthly |Maximum Monthly [Maximum Monthly | Maximum Monthly |Maximum Monthly |Maximum Monthly
pH - 7to7.5 - - - - - -
TDS mg/! 500 669 484 2472 2,708 669 2,706
IAlkalinity mg/! 20 121 81 453 218 121 145
Chioride mg/! 230.00 1.96 3.93 8.55 7.42 1.98 5.8
Fluoride mg/!! 1.00 0.15 0.1 0.83 0.48 0.15 0.38
Sulfate mg/! 250 372 269 1,374 1,887 372 1,744
IAluminum mg/l 0.0870 3480 0.0006 147 0.0006 3480 0.0
lAntimony mg/! 0.006 {0292 0.0079 01169 00671 0292 0.07
IArsenic mg/! 0.010 0385 0.0100 0.1520 0.1145 0385 0.109
Barium mg/! 2.000 0.025 0.016 0.088 0.108 0.025 0.106
Berylium mg/l 0.0040 0.00171 0.00862 0.00293 000830 0.00171 0.00684
Bismuth mg/! - 0.0148 0.0023 0.0585 0.0598 0.0148 0.061
Boron mg/!! 0.75 0.080 0.052 0.304 0.221 0.080 0.21
Cadmium mg/! 0.0001 0.00247 0.00352 0.00685 0.05362 0.00247 0.042
Calcium mg/l - 118 54 451 377 118 395
Chromium mg/! 0.019 0.0030 0.0010 0.0117 0.0080 0.0030 0.0055
Cobalt mg/!! 0.050 0.0108 0.0083 0.0292 0:2191 0.0108 018
Copper mg/! 0.002 0.0508 0:0022 02163 0:0100 00508 0,01
lron mg/l 1.000 0.280 0.002 1.655 0.002 0.280 0.0
Lead mg/! 0.001 0.0077 0.0054 0.0293 0.0185 0.0077 0.0164
Magnesium mg/!! - 17 25 58.0 43 17 38
Manganese mg/! 0.05 0.47 0.38 170 200 047 20
Mercury mg/! 0.00001 0.000080 0.000029 0.000203 0.001466 0.000080 0.00113
Molybednum mg/! 0.010 17000 3175 70130 2.2870 17000 2.4
Nickel mg/!! 0.013 0.0107 0:0242 3:0293 3:0052 0.0107 3:086
Potassium mg/! - 8.2 15.2 21.1 127.6 8.2 133
Selenium mg/! 0.005 0.0086 0.0083 0.0322 0.0270 0.0086 0.0278
Silver mg/! 0.0011 0.001429 0.000269 0.005845 0.002711 0.001429 0.0023
Sodium mg/!! - 25 33 76 229 25 224
Thallium mg/! 0.00170 0.00010 0.00018 0.00029 0.00049 0.00010 0.00049
Silicon mg/l - 7 3 29 21 7 22
Tin mg/! - 0.0282 0.0069 0.1189 0.0246 0.0282 0.0247
anadium mg/!! 0.100 0.0049 0.0012 0.0176 0.0404 0.0049 0.0432

Zinc mg/! 0.03 0.341 0473 1A 2.368 0.341 20
Nitrate N mg/l 1.0 0 0 0 1 0 0.9
Nitrate (ion) mg/! - ] 1 ] 1 4] 0.9
Nitrite mg/!! 1.00 0.00 0.03 0.00 0.02 0.00 0.02
IAmmonia mg/! 4.36 0.0 0.1 0.0 1.4 0.0 1.47
Hardness as CaCO; mg/! 100 363 239 1,365 AT 363 1,041
MEITOT00T76\5 AAReports - Closure Water Management Reporirev O\Appendix BuAppendix B2 xsx][TableT_Preliminary_WQ

NOTES:
MODEL INPUT CONCENTRATIONS PROVIDED BY SRK CONSULTING (SRK 2018).
TAILINGS POND ADJUSTMENT VALUES WERE APPLIED FOR Al, SO4, Fe, Cuand Mn IN THE BULK TSF AND PYRITIC TSF.

TDS VALUES WERE CALCULATED BY SUMMING ALKALINITY, Cl, F, SOy, Ca, Mg, K, Na AND Si.
MODEL ASSUMES RETURN OF SLUDGE AND REJECT FLOWS FROM WTP#2 AND WTP#3 TC THE OPEN PIT.

WTP EFFLUENT, SLUDGE AND REJECT CONCENTRATIONS WERE PROVIDED BY HDR (HDR 2018).
HARDNESS VALUES WERE CALCULATED BASED ON THE EQUATION
HARDNESS (CaC0,)= CALCIUM CONCENTRATION {mg/L)*2.497 +MAGNESSIUM CONCENTRATION (mg/l)4.118

. THE PERCENTILE RESULTS BASED ON 76 REALIZATIONS OF MODEL SIMULATIONS.
. MODEL ASSUMES THE LOADING FROM THE PAG WASTE ROCK IN THE PYRITIC TSF AND OPEN PIT AS A FLUSHING TERM PROVIDED BY SRK CONSULTING {SRK 2018).

I

pH WAS NOT MODELLED.
0. HIGHLIGHTED CELLS REPRESENT PREDICTED CONCENTRATIONS EXCEEDS THE DISCHARGE WATER QUALITY CRITERIA.
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Knight Piéesold

COMBULTING

TABLE B2.2

THE PEBBLE PARTNERSHIP
PEBBLE PROJECT

WATER QUALITY RESULTS - CLOSURE PHASE 2
50TH PERCENTILE

Print: Sep/21/18 15:14:29

Main
“x;t:g‘:;i;t WTP#2 Inflows Bulk TSF E";Zae:‘;r;':"t Open Pit
Parameters Units Standards in Collection Pond
Receiving Water
Body Maximum NMonthly | Maximum Monthly [Maximum Monthly |Maximum Monthly

pH - 7to7.5 - - - -
TDS mg/! 500 0 2518 3,610 1,347
iAlkalinity mg/! 20 0 327 665 153
Chloride mg/l 230.00 0.00 8.18 8.05 3.2
Fluoride mg/l 1.00 0.00 0.56 0.78 0.27
Sulphate mg/| 250 0 1,491 2,029 814
IAluminum mg/l 0.0870 0.0000 0.0006 1600 0.0
lAntimony mg/l 0.006 0.0000 0.0927 727 0.047
|Arsenic mg/l 0.010 0.0000 01473 52245 3063
Barium mg/| 2.000 0.000 0.066 0.130 0.049
Berylium mg/l 0.0040 0.00000 0.01122 0.00432 0.00269
Bismuth mg/l - 0.0000 0.0614 0.0863 0.031
Boron mg/l 0.75 0.000 0.315 0.449 0.15
Cadmium mg/| 0.0001 0.00000 0.00634 0.00863 0.009
Calcium mg/l - 0 473 665 234
Chromium mg/l 0.019 0.0000 0.0124 0.0173 0.0054
Cobalt mg/l 0.050 0.0000 0.0332 0.0432 0.05
Copper mg/| 0.002 0.0000 0.0100 0.3195 0.01
fron mg/l 1.000 0.000 0.002 1:559 0.0
Lead mg/l 0.001 0.0000 0.0316 0.0432 0.0138
Magnesium mg/!! - o] 75 85.5 29
Manganese mg/l 0.05 0.00 180 2.50 1.3
Mercury mg/! 0.00001 (.000000 G:000310 3:000432 0:0003
Molybednum mg/l 0.010 0.0000 0310 10.3600 2
Nickel mg/l 0.013 0.0000 0.0498 0.0432 0.03
Potassium mg/l - 0.0 334 311 35
Selenium mg/! 0.005 0.0000 0:0340 0:0475 0:0194
Silver mg/l 0.0011 0.000000 0.006144 0.008634 0.0025
Sodium mg/l - 4] 89 112 66
Thallium mg/| 0.00170 0.00000 0.00043 0.00043 0.00024
Silicon mg/l - 0 21 14 12
Tin mg/l - 0.0000 0.1170 0.1727 0.0466

anadium mg/l 0.100 0.0000 0.0186 0.0259 0.0148
Zinc mg/| 0.03 0.000 0.969 1,641 0.6
Nitrate_N mg/l 1.0 0 0 0 0.2
Nitrate (ion) mg/! - ] 1 ] 0.2
Nitrite mg/l 1.00 0.00 0.03 0.00 0.0
lAmmonia mg/| 4.36 0.0 0.1 0.0 0.31
Hardness as CaCO;, mg/! 100 4] 1,493 2,012 704

MANG1\00176\57\A\Reportid - Closure Water Management Reporf\Rev C\Appendix BifAppendix B2 xsx]Table2_Preliminary WQ

NOTES:

ook W N

MODEL INPUT CONCENTRATIONS PROVIDED BY SRK CONSULTING (SRK 2018).
TAILINGS POND ADJUSTMENT VALUES WERE APPLIED FOR Al, SO4, Fe, Cuand Mn IN THE BULK TSF AND PYRITIC TSF.
TDS VALUES WERE CALCULATED BY SUMMING ALKALINITY, Cl, F, S04, Ca, Mg, K, Na AND Si.

MODEL ASSUMES RETURN OF SLUDGE AND REJECT FLOWS FROM WTP#2 AND WTP#3 TO THE OPEN PIT.
WTP EFFLUENT, SLUDGE AND REJECT CONCENTRATIONS WERE PROVIDED BY HDR {HDR 2018).
HARDNESS VALUES WERE CALCULATED BASED ON THE EQUATION

HARDNESS (CaCO3) = CALCIUM CONCENTRATICN {(mg/L}*2.497+MAGNESSIUM CONCENTRATION {(mg/L)*4.118

7. THE PERCENTILE RESULTS BASED ON 76 REALIZATIONS OF MODEL SIMULATIONS.
8. MODEL ASSUMES THE LOADING FROM THE PAG WASTE ROCK IN THE PYRITIC TSF AND OPEN PIT AS A FLUSHING TERM PROVIDED BY SRK CONSULTING

(SRK 2018).
9. pH WAS NOT MODELLED.

10. HIGHLIGHTED CELLS REPRESENT PREDICTED CONCENTRATIONS EXCEEDS THE DISCHARGE WATER QUALITY CRITERIA.
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Knight Piéesold

COMBULTING

TABLE B2.3

THE PEBBLE PARTNERSHIP
PEBBLE PROJECT

WATER QUALITY RESULTS - CLOSURE PHASE 3
50TH PERCENTILE

Print: Sep/21/18 15:14:29

Most Stringent Main Embankmgnt )
Water Quality Bulk TSF Seepage Collection Open Pit WTP#3 Inflows
Parameters Units Standards in Pond
Receiving Water
Body Maximum Monthly Maximum Monthly Maximum Monthly Maximum Monthly

pH - 7t07.5 - - - -
TDS mg/l 500 204 1,750 1030 1107
IAlkalinity mg/l 20 42 322 53 100
Chloride mg/l 230.00 1.97 3.95 1.5 1.8
Fluoride mgil 1.00 0.08 0.38 0.13 0.15
Sulphate mg/l 250 102 978 685 700
IAluminum mg/l 0.0870 0.0006 1.0450 0.0 0,12
lAntimony mg/l 0.006 0.0030 0832 0.028 0.036
Arsenic mg/l 0.010 0.0034 0:1082 0036 Q047
Barium mg/l 2.000 0.008 0.063 0.03 0.031
Berylium mg/l 0.0040 0.00326 0.00208 0.00126 0.00128
Bismuth mg/l - 0.0010 0.0416 0.021 0.024
Boron mgil 0.75 0.021 0.217 0.07 0.09
(Cadmium mg/l 0.0001 0.00134 0.00416 0.007 0.007
Calcium mg/l - 23 321 155 168
[Chromium mg/l 0.019 0.0005 0.0084 0.0025 0.0033
ICobalt mgil 0.050 0.0032 0.0208 0.03 0.03
(Copper mg/l 0.002 0.0010 0.1540 0.01 0.03
iron mg/l 1.000 0.002 0.768 0.0 0.1
Lead mg/l 0.001 0.0022 0.0208 0.006 0.0083
Magnesium mg/l - 10 41.3 12 16
Manganese mg/l 0.05 0.15 .21 &9 0.9
Mercury mg/l 0.00001 0.000012 0.000208 0.00021 0.00021
Molybednum mg/l 0.010 0.1218 4,9940 1. 1.8
Nickel mgil 0.013 0.0093 0.0208 0.018 0.019
Potassium mg/l - 5.8 15.0 50 49
Selenium mg/l 0.005 0.0025 00229 0:0104 0:012
Silver mg/l 0.0011 0.000107 0.004162 0.001 0.0016
Sodium mgil - 14 54 59 59
[Thallium mg/l 0.00170 0.00007 0.00021 0.00014 0.00014
Silicon mg/l - 5 14 13 13
Tin mg/l - 0.0026 0.0832 0.0188 0.0291

anadium mgil 0.100 0.0007 0.0125 0.0175 0.0174
Zinc mg/l 0.03 0.180 0.791 04 04
Nitrate_N mg/l 1.0 0 0 0.3 0.3
Nitrate (ion) mg/l - 1 0 0.1 0.1
Nitrite mgil 1.00 0.01 0.00 0.0 0.0
Ammonia mg/l 4.36 0.0 0.0 0.57 0.55
Hardness as CaCQO; mg/! 100 99 971 438 488
MATONA0176\57 \A\Report\5 - Closure Water Management ReporfiRev 0\Appendix B\[Appendix B2.xlsx]Table

3_Preliminary_WQ

NOTES:

. MODEL INFUT CONCENTRATIONS FROVIDED BY SRK CONSULTING (SRK 2018).

TAILINGS POND ADJUSTMENT VALUES WERE APPLIED FOR Al, SC4, Fe, Cuand Mn IN THE BULK TSF AND PYRITIC TSF.
TDS VALUES WERE CALCULATED BY SUMMING ALKALINITY, Ci, F, SC4, Ca, Mg, K, Na AND Si.

MODEL ASSUMES RETURN OF SLUDGE AND REJECT FLOWS FROM WTP#2 AND WTP#3 TO THE OPEN PIT.

WTP EFFLUENT, SLUDGE AND REJECT CONCENTRATIONS WERE PROVIDED BY HOR (HDR 2018).

HARDNESS VALUES WERE CALCULATED BASED ON THE EQUATION

HARDNESS (CaC03) = CALCIUM CONCENTRATION (mg/L)*2.487+MAGNESSIUM CONCENTRATION {mg/L)*4.118

. THE PERCENTILE RESULTS BASED ON 76 REALIZATIONS OF MODEL SIMULATIONS.
MODEL ASSUMES THE LOADING FROM THE PAG WASTE ROCK IN THE PYRITIC TSF AND OPEN PIT AS A FLUSHING TERM PROVIDED BY SRK CONSULTING (SRK 2018).

& oo wN

~

®

9. pH WAS NOT MODELLED.
10. HIGHLIGHTED CELLS REPRESENT PREDICTED CONCENTRATIONS EXCEEDS THE DISCHARGE WATER QUALITY CRITERIA.
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() Knight Pi¢sold

COMBULTING

TABLE B2.4

THE PEBBLE PARTNERSHIP
PEBBLE PROJECT

WATER QUALITY RESULTS - POST CLOSURE (PHASE 4)
50TH PERCENTILE

Print: Sep/21/18 15:14:29

Most Stringent Main Embankmgnt )
Water Quality Bulk TSF Seepage Collection Open Pit WTP#3 Inflows
Parameters Units Standards in Pond
Receiving Water
Body Maximum Monthly Maximum Monthly Maximum Monthly | Maximum Monthly

pH - 7t07.5 - - - -
T0S mg/l 500 28 4,036 853 1917
IAlkalinity mg/l 20 14 741 23 361
Chloride mg/| 230.00 0.61 8.95 1.0 3.6
Fluoride mg/| 1.00 0.03 0.87 0.08 0.34
Sulphate mg/| 250 1 2,280 586 1074
Aluminum mg/l 0.0870 0.0006 4050 0.0 0:85
IAntimony mg/| 0.006 0.0001 1923 0.02 0.075
Arsenic mig/l 0.010 0.0001 2500 3026 0008
Barium mg/| 2.000 0.002 0.144 0.024 0.059
Berylium mg/l 0.0040 0.00001 000481 0.0007 0.0019
Bismuth mg/| - 0.0001 0.0962 0.017 0.047
Boron mg/| 0.75 0.002 0.500 0.04 0.2
Cadmium mg/| 0.0001 0.00001 0.00962 0.006 0.007
Calcium mg/l - 4 741 120 301
Chromium mg/| 0.019 0.0002 0.0192 0.0015 0.0075
ICobalt mg/| 0.050 0.0001 0.0481 0.03 0.04
Copper mg/| 0.002 0.0004 0.3558 0.01 0.12
iron mg/l 1.000 0.002 1.738 0.0 0.8
Lead mg/| 0.001 0.0002 0.0481 0.0033 0.0188
Magnesium mg/| - 1 95.2 7 37
Manganese mg/l 0.05 0.01 2.79 0.8 14
Mercury mg/l 0.00001 0.000001 0:000481 000018 0.00027
Molybednum mg/| 0.010 0.0002 11.5400 0. 5.6
Nickel mg/| 0.013 0.0002 0.0481 0.015 0.025
Potassium mg/l - 0.2 34.6 51 47
Selenium mg/l 0.005 0.0001 00529 0:0076 0:0208
Silver mg/| 0.0011 0.000005 0.009616 0.0005 0.0047
Sodium mg/| - 2 125 53 74
Thallium mg/| 0.00170 0.00001 0.00048 0.00011 0.00022
Silicon mg/l - 5 31 12 18
Tin mg/| - 0.0001 0.1923 0.0096 0.0751

anadium mg/| 0.100 0.0003 0.0289 0.0168 0.0203
Zinc mg/| 0.03 0.002 1.827 0.3 0.7
Nitrate_N mg/l 1.0 0 0.00 0.3 0.2
Nitrate (ion) mg/| - 0 0.00 0.035 0.029
Nitrite mg/| 1.00 0.00 0.00 0.00071 0.00059
lAmmonia mg/| 4.38 0.0 0.00 0.6 0.5
Hardness as CaCO; mg/l 100 12 2,241 328 905
MATOTW00T76\G AARepoS - Closure Water Management ReporiRev OAppendix ByAppendix B2 XIsX]Table 4_Preliminary WQ

NOTES:

. MODEL INPUT CONCENTRATIONS PROVIDED BY SRK CONSULTING (SRK 2018).

TAILINGS POND ADJUSTMENT VALUES WERE APPLIED FOR Al, SO4, Fe, Cuand Mn IN THE BULK TSF AND PYRITIC TSF.
TDS VALUES WERE CALCULATED BY SUMMING ALKALINITY, Cl, F, S04, Ca, Mg, K, Na AND Si.

MODEL ASSUMES RETURN OF SLUDGE AND REJECT FLOWS FROM WTP#2 AND WTP#3 TO THE OPEN PIT.

WTP EFFLUENT, SLUDGE AND REJECT CONCENTRATIONS WERE PROVIDED BY HDR (HDR 2018).

HARDNESS VALUES WERE CALCULATED BASED ON THE EQUATION

HARDNESS (CaCO3) = CALCIUM CONCENTRATION (mg/.}*2.497+MAGNESSIUM CONCENTRATION (mg/l)*4.118

THE PERCENTILE RESULTS BASED ON 76 REALIZATIONS OF MODEL SIMULATIONS.
. MODEL ASSUMES THE LOADING FROM THE PAG WASTE ROCK IN THE PYRITIC TSF AND OPEN PIT AS A FLUSHING TERM PROVIDED BY SRK CONSULTING (SRK 2018).
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pH WAS NOT MODELLED.
10. HIGHLIGHTED CELLS REPRESENT PREDICTED CONCENTRATIONS EXCEEDS THE DISCHARGE WATER QUALITY CRITERIA.

[ e T 21sEri3  [iSSUED WiTH REPGRT VAIO1-176/57-5 [ ex T &
| rev 1 batE | DESCRIPTION [ PrePD | RvwD |

EPA-6692-0000256



Prepared for

Pebble Limited Partnership
3201 C Street, Suite 805
Anchorage, Alaska

USA, 89503

Prepared by

Knight Piésold Lid.

Suite 1400 - 750 West Pender Sireet
Vancouver, British Columbia
Canada, VBC 2T8

Project Number
VA101-176/57-4

Rev Description Date
0 issued in Final July 6, 2018
1 Updated with Client Comments July 6, 2018

EPA-6692-0000257



Pebble Limited Partnership
Peabble Project

Pebble Mins Site
Operations Water Management Plan

2.1 o B VW oot e iii e ettt e et e e ettt e e e e e ettt e et ettt e eeen e eeee et e eeetat et e eeeeeeeeeeeean e ee e ettt eereeat e aearnaaaeras 5

2.2 O e R O g Ve T LTt ol P 5
221 SBHING. .o 5
2.2.2 Meteorological Slalions ... 8
223 Long-Term Monthly Temperatures and Precipitation at Pebble 1.l 8
2.2.4 Spatial Distribution of Temperatures and Precipifalion ...l 11
225 Temporal Variability of Temperature and Precipifation ... ... 12
226 Exireme PraciDilation ... 14
2.3 Surface Water Hydrology CharacterisliCs e 14
231 W BV B L ot e ettt e et e e o et r e et etk tn e s e e nne 14
2.3.2 Streamflow Gaging SIALONS 14
2.3.3 Streamflow Records ... e 15
234 Spatial and Temporal Streamflow Pallerns. 18
2.3.5 P WS e e e e e 20
24 Groundwater CharaclerisliCs .. e 20

34 GENeral..o i 23

3.2 Fresh Water and Stormwater Management. et n e s st evaassnnes 23
3.3 Mine Drainage and Process Water Management . i s e s avavssnnr e eaes 26
3.3.1 Open PRDaWalering .....ccooi e 26
3.4 Watar Management Facllllies 27
3.4.1 Fresh Water Diversion Channels .. 29
342 Open Pit Water Management Pond ... 29
3.4.3 Main Water Managemeant Pond. ... 29
344 Bulk Tailings Storage Facilily ... e 30
3.4.5 Bulk TSF Main Embankment Seepage Collection Pond....... i, 30
3.4.6 Pyritic Taillings and PAG Waste Rock Storage Facility ..., 30
3.4.7 Seepage Collection and Recycle Ponds . 31
3.4.8 SedimMENt Ponas e 31

YA101-176/57-4 Rev 1
July 6, 2018

= Kﬁé@?ﬁ% Piéso fof iv

MEULTING

EPA-6692-0000258



Pebble Limited Partnership
Peabble Project

Pebble Mins Site
Operations Water Management Plan

349 WV ater Trealment Planis . e e e 31

4.1 et EaCe 18 Lo: 1 Lol o HUUUTR TR 33

4.2 Inputs and AsSSUMPBHONS . 33
4.3 Mine Plan Module Water Balante ResUllS. e eete s s assn e 34
4.3.1 Annual Average Bal@nle .ottt ettt et assnne 34
4.3.2 Main YWIMP VOIUmMEs e e s 35
433 Total Release from the Waler Treatment Plants ... 36

General

52 L (g TeTe e To e | SO SOSRURPPUPRPPPRPPRNS 40
53 WO Mode! Inputs and AsSUmiDioNS .. et e e e e e e e ee s 42
54 WQ Model Results and DiscUssion. 43

Table 2.1 Monthly and Annual Temperature Statistics for Pebble 1., 10
Table 2.2 Monthly and Annual Precipitation Statistics for Pebble 1 ., 11
Table 2.3 Mean Seasonal Flow Distribution (2004 — 2015) e 15
Table 2.4 Mean Seasonal Flow Distribution (2004 — 2015) ... ae 19
Table 3.1 Design Criteria Table for the Water Management Structuras ..o 28
Table 3.2 WTP#1 Operaticnal Strategy — Open Pit WMP Trigger Volumes and WTP#1 Rates...... 32
Table 3.3 WTP#2 Operational Strategy — Main WMP Trigger Volumes and WTPH#Z Rates ........... 32
Table 4.1 Avarage Annual Site Wide Surplus Flow Tor Individual Realizations Reprasenting Relativaly

Dry, Average, and Relatively Wet Conditions ..o 35
Table 4.2 Total Release from the Water Treatment Plants to Downstream of the Mine Site - 154, 10th,

BN 00, and B0 PO enl S oot n e 37
Table 4.3 Total Release from the Water Treatment Plants to Downstream of the Mine Site - Individual

Realizations Representing Relatively Dry, Average, and Relatively Wel Conditions ....... 38
Table 5.1 Water Quality Standards in Receiving Water Body .o, 41

YA101-176/57-4 Rev 1
July 6, 2018

i

i of iv

@4
)
Z g

@3
(=
-
o
]

EPA-6692-0000259



Pebble Limited Partnership

Peabble Project
Pabble Mine Site

Operations Water Management Plan

Figure 1.1
Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6
Figure 2.7
Figure 2.8
Figure 2.9
Figure 2.10
Figure 2.11

Figure 3.1
Figure 4.1

Figure 4.2

Figure 4.3

Appendix A
Appandix B

General Arrangement Maximum FOOIDIINT o ieeeir e n e evavsnar e aveaes 4
o T Te  WeTor: {u T o RSSO UPRPRRPPRTPN 6
Drainage Basins and Hydrometsorological Station Locations in the Project Area ... 7
Mean Monthly Temperatures for lliamna Airport and Pebble 1 ., 9
Mean Monthly Total Precipitation for lliamna Alrport and Pebble 1., 9
Annual Precipitation (estimated) for Pabble 1 .. 12
Annual Precipitation Departure from Mean Precipitation Conditions for Pebble 1. 13
Mean Monthly Discharge for NKTT1OA . eeerre e r e n e 16
Mean Monthly Discharge for NK110B .. r e aaaanaes 16
Mean Monthly Discharge Tor SK100G et re e 17
Mean Monthly Discharge for UT 100D . e 17
Daily Discharge Hydrographs for NK113A for Driest Year (2011) and Wettest Year (2013}
ONREBCOM o e e e et ettt 18
Water Management Layout — Maximum Foolprint. .., 25
Main WMP Volumes Results and Operating Capacity — 1%, 10, 50, 90", and 98"
S o 141 PSP 36
Total Flow Releases from the Water Treatment Plants to Points Downstream of the Mine
Site: 15t 101, 50, 901 and 981 Percentile ResullS ... 38

Total Relegse from the Water Treatment Plants to Downstream of the Mine 3ite for
individual Realizaticns Representing Relatively Dry, Average, and Relatively Wet
070 2 To 11 7o o1 2SSOSR 39

Water Balance Flow Schaematic and Average Annual Flow Balance
Water Quality Mode! Inputs and Results

Appendin B1 Water Quality Source Terms and Assumptions
Appendix B2 Water Quality Model Results

YA101-176/57-4 Rev 1
July 6, 2018

i

fii of iv

@4
)
Z g

@3
(=
[l
o
]

EPA-6692-0000260



Pebble Limited Partnership
Peabble Project

Pebble Mins Site
Operations Water Management Plan
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Pyritic TSF ..o, Pyritic Tailings and Potentially Acid Generating Waste Rock Storage Facility
0 PSSP reverse osmosis
ST SRR South Fork Koktuli
L1 2 2O OO OO OO PPPRRPURTNY Total dissolved solids
0 tons per day
F O Tailings Storage Facility
LT S PS SR PRRRPRPRSPPR United States Geolegical Survey
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Pebble Limited Partnership
Peabble Project

Pebble Mins Site
Operations Water Management Plan

The Pebble Project (the Project) is a proposed mining development of a copper-gold-molybdenum deposit
located approximately 238 miles southwest of Anchorage, Alaska, and 17 miles northwest of the village of
iliamna. The deposit is situated on a drainage divide at the headwaters of three waterways, with the Upper
Talarik (UT) draining to the east, and the North Fork Koktuli (NFK) and South Fork Kokiuli (8FK) draining
to the west and southwest, respectively.

The deposit will he mined by open pit methods feeding an associated process plant with a throughput
capacity of 180,000 tons per day (tpd), over an operating life of 20 years. The milling process producas two
streams of tailings; a bulk tailings stream and a pyritic tallings stream. The Bulk Tailings Storage Facility
(Bulk TSF) will manage non potentially acid generating tailings (bulk tailings), and the Pyritic Tailings
Storage Facility (Pyritic TSF) will manage pyritic tailings, which are assumed o be Potentially Acid
Ganerating (PAG), and PAG waste rock Trom the mining activities,

The Project includes the following key water management facilities: Tresh water diversion channels, the
Open Pit Water Management Pond (OFP WMP), the Main Water Management Pond (Main WMP), the Bulk
and Pyritic TSF's, the Bulk TSF Main Embankment Seepage Collection Pond (Bulk TSF Main SCP),
seepage collection and recycle ponds, sediment ponds, and two water treatment plants (WTP#1 and
WTPH#2). The Project general arrangement, showing the locations of the TSF's and water management
facilities, is presented on Figure 1.1,

The Bulk TSF will manage approximately 1.1 billion tons of bulk tailings solids. The main embankment of
the Bulk TSF is proposed 1o operate as a drained facility to promote long term drainage of the bulk tailings
mass. The Bulk TSF Main 8CP, which is located downstream of the main embankment of the Bulk TSF,
will collect seepage that passes through the main embankment. Water collected in the Bulk TSF Main SCP
will be pumped to the Main WMP. The Bulk TSF south embankment is preposed o include a hydraulic
barrier, consisting of a HDPE liner or a low permeability core zone, and a grout curtain installed in the
weathared badrock of the foundation. A seepage collaction pond will be located downstream of the south
ambankment (o collact any potential seepage and embankment runoff. A seepage collaction pond will also
be constructed along the sast side of the Bulk TSF to coliect potential seepage and runoff from the east
side of the facility. Water collacted in the seapage collection ponds to the south and east of the Bulk TSF
will be pumped back to the Bulk TSF.

The Pyritic TSF will manage approximately 150 million tons of pyritic tallings and 126 million tons of PAG
waste rock, stored sub-agquecusly. The Pyritic TSF is a lined facility and will include an underdrain to convey
groundwater and potential seepage from the facility to a seepage collection pond at the north end of the
facility. Water {groundwaler, seepage and surface runofl) collected in the seepage collection pond will be
pumped to the Main WMP,

Construction materials are proposed o be primarily sourced from three quarries located around the Bulk
TSF, as shown on Figure 1.1. Construction materials for the various embankments will be sourced from

YA101-176/57-4 Rev 1
July 6, 2018

i 1of 47

@4
)
Z g

@3
(=
[l
o
]

EPA-6692-0000262



Pebble Limited Partnership
Peabble Project

Pebble Mins Site
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Quarry A, Quarry B and Quarry C, with additional non-PAG materials sourced from Open Pit stripping
activities, as available. Quarry A will be active during the pre-mining phase {(construction) and during
operations until the tailings level in the Bulk TSF inundates the quarry. Ongoing construction materials will
be sourced from Quarry B, Quarry C, and Open Pit stripping (as required) throughout operations.

Hydraulic confinement of the Bulk TSF will be achieved and maintained using a serias of seepage control
measures including grout cut-off walls and seepage pump-back systems. Confinement will be monitored
based on groundwater levels and qualily in installed wells. The quarries develioped on the perimeter of the
TSF will be designed to maintain a groundwater level above the elevation of the supernatant pond, theraby
preventing the seepage of pond water into the quarries.

Surplus water collected within the Project footprint (surface runoff and groundwater) that is not required to
supply the milling process will be trealed and released. Waler stored in the Main WMP will be used {o
supply the process during prolonged dry periods. Discharge locations for treated water are proposed in the
NFK, SFK and UT catchments, as shown on Figure 1.1, Two water treatment plants will treat surplus water
from the Project site; WTP#1 is located near the Open Pit and will freat water from the OF WMP, and
WTPHEZ is located near the Main WMP and will treat surplus water from the Main WMP. The water treatment
plants will each include pumping and piping systams configured to convey flows to all three of the discharge
locations.

The purpose of this report is to describe the water management plan for the mine site area during operations
whan all of the project facilities {e.g. processing mill, water treatment planis, etc.) are operating. Normal
operating conditions included consideration of climate variability scenarios. In addition to climate variability,
allowances for storm storage and freeboard have been provided for all ponds and water management
faciliies.

A summary of the hydrometeorological and groundwater characteristics for the Pebble Project are provided
within this report. A full description of the hydrometeorological conditions will ke provided in the
hydrometecrology report (currently in progress). A full description of the baseline groundwater conditions
is presentad in the 2015 Groundwater SEBD Chapter 8 (Groundwater Hydrology) and SEBD Chapter 8
(Water Quality) reports (PLP 2015a; 2015b). A description of the predicted groundwater conditions during
and after mine operation will be provided in the groundwater modelling report {currently in progress). The
geochemical parameters used for the development of the water quality model were provided by SRK and
are summarized in their geochemical scurce term report (8RK 2018},

This water management report includes the following:

e Characterization of the hydroemeteorological and hydrogeological setting for the mine site

e Description of how mine drainage and stormwater will be managed at the mine sie

¢ Demonstration of adequate storage and supply of makeup water 1o the Process Plant over a full range
of potential climats conditions, including prolonged dry and wet periods

+ identification of the surplus flows available for treatment and discharge, and
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e Provision of water quality pradictions for the major waler management facilities and water treatment
plants,
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The Project location and regional setling are shown on Figure 2.1. The position of the Project site relative
to the three main local drainage basins (NFK, SFK, and UTC) is shown on Figure 2.2,

The locations of hydrometeorological stations in the Project area are shown on Figure 2.2. Thess include
meteocrological stations, which are discussed in Section 2.2, and streamflow gaging stations, which are
discussed in Section 2.3. A spreadsheet model, referred o as the Pebble Project Watershed Module
(described below), was developed to relate metecrological inputs to groundwater and surface water
responses in the project. Long-term regional climale records, which were adjusted for site specific
conditions, were usad as input to the Walsershed Module to generate long-term estimates of groundwater
and streamflow conditions.

The Pebble Project Watershed Module is a numerical, semi-distribuied, spreadsheel-based precipilation-
runoff model that incorporates the key components of the hydrologic cycle including precipitation as rain
and snow, evaporation, sublimation, runoff, surface storage, and groundwater recharge, discharge and
storage.

The Project is located in a transitional climatic zone with strong maritime influences. Summer temperatures
are moderated by the open waters of lliamna Lake, the Baring Sea, and Cook Inlet. Winter tamperatures
are more continental because of the presence of ice on lliamna Lake and Bristol Bay during the coldest
months of the year. Winter weather systems typically travel into the region from the Bering Sea {o the wast,
from along the Aleutian Islands chain to the southwest, and from the Gulf of Alaska to the south; as a result,
winter temperatures are less influenced by Cook Inlet than summer temperatures. These weather systems
consist of cool to cold air that is saturated with moisture, resulting in frequent clouds, rain, and snow. Lass
frequent wintertime incursions of frigid, stable arctic air masses bring shorter periods of clear and very cold
conditions to the region. Incursions of very warm air masses from the interior of Alaska can cause
atmospheric instability in the summer months, which results in the development of cumulus clouds and
thunderstorm activity.

The mean annual temperature in the Project area is just below freazing, with freezing temperatures
generally persisting from October through April, and conditions are quite wet, with mean annual precipitation
varying throughout the project area but generally ranging from 45 in. to 55 in.
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Meteorological data have been collected at six monitoring stations in the Project area. The station locations,
data collection methoeds, and the data collected up until 2008 are presented in the Environmental Baseline
Data Report (PLP 2011). The station with the longest period of record, and that which is considered most
representative of conditions in the mine development area, is Pebble 1 (2005-2013, and re-started in 2017).
The Pebble 1 station is situated west of the deposit at an elevation of 1,560 ft. Data collected at Pehble 1
were used for modelling long-term climatic conditions in the mine study area. Temperature and precipitation
data recorded at Pebble 1 were correlated with records collected by the US National Weather Service
(NWS) af lliamna Airport, which is situated 17 miles southeast of the Project at an elevation of 180 ft. The
derived relationships were used to generate a long-term synthetic series of monthly temperalure and
precipitation for Pebble 1, for the pariod 1942-2017 (i.e. Tor the period of record at Hiamna Alrport). Details
of the procedures used 1o generate the long-term temperature and precipitation series are presanted in the
2018 Hydrometeorology Report {in progress).

The locations of the Pebble metecrology stations are shown on Figure 2.1, The locations of Hiamna Airport
and three other regional metecrology stations are shown on Figure 2.2. Records from the other three
ragional stations (Port Alsworth, King Salmon, and intricate Bay) were used to infill gaps in the lliamna
Alrport temperature and precipitation records. A regional regression model was developed and used o
estimate missing values in the {lamna Airport record, based on derived scaling relationships and the
strength of correlation between stations.

The long-term mean monthly temperature and precipitation values for the lllamna Alrport are presentad on
Figure 2.3 and Figure 2.4, respectively, and with the corresponding synthetic values developed for
Pebble 1.
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Figure 2.3 Mean Monthly Temperatures for lliamna Airport and Pebble 1
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Figure 2.4 Mean Monthly Total Precipitation for Hiamna Alrport and Pebble 1

The estimated long-term mean annual temperature at Pabble 1 is 30.1 *F, which is 4.7 °F colder than at
fliamna Airport (34.8 °F), as shown in Table 2.1. The coldest and warmeast months at Pebble 1 are January
and July, with estimated long-term mean monthly temperaturas of 11.4°F and 50.8°F, respactively.
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Table 2.1 Monthly and Annual Temperature Statistics for Pebble 1
Monthly and Annual Mean Temperature {°F)
Statistic Minimum Mean Maximum St Dev

Jan -11.1 11.4 324 10.0
Fab -3.5 13.68 314 87
Mar -1.8 16.6 306 76
Apr 13.4 27.3 37.8 4.6
May 314 383 448 2.9
Jurn 42.3 46.5 51.3 2.2
Jul 46.9 50.8 55.1 1.9
Aug 46.5 49.9 54.7 1.9
Sep 36.4 43.0 479 2.0
Oct 229 306 38.8 39
Nov 4.8 19.8 325 6.1
Dec -11.2 12.6 307 89

Annual 23.6 30.1 37.1 2.7

NOTES:
STATISTICS OF A SYNTHETIC TEMPERATURE SERIES FOR THE PEBBLE 1 STATION LOCATION, ESTIMATED ON THE
BASIS OF THE ILIAMNA AIRPORT RECORD (1942-2017), AS DESCRIBED IN MEMORANDUM VA18-00250 (KP 2018A).

The estimated long-term mean annual precipitation at Pebble 1 is 54.6 in., which is approximately two fimes
greater than the mean annual precipitation recorded at lliamna Alrport (26.0 in.), as shown in Table 2.2.

The wettest and driest seasons at Pebble 1 are late summer and early autumn {wettest) and spring (driest),
with estimatad long-term mean maonthly precipitation values ranging from 7.7 in. in August to 1.7 in. in April.
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Table 2.2 Monthly and Annual Precipitation Statistics for Pebble 1
Monthly and Annual Mean Total Precipitation (in)
Statistic Minimum Mean Maximum St Dev cv
Jan 0 4.3 14.5 2.9 07
Feb 0 37 12.8 2.6 0.7
Mar 0 39 16.0 3.0 0.8
Apr 0.1 1.7 4.5 1.1 0.7
May 0 2.0 6.4 1.4 07
Jun 0 2.7 8.5 1.8 0.7
Jul 0.3 4.3 11.3 2.3 0.5
Aug 1.3 7.7 232 3.7 0.5
Sep 1.3 6.9 17.4 3.5 0.5
Oct 0.3 4.9 12.6 2.6 0.5
Nov 0 6.9 277 5.2 0.8
Deac 0.2 56 19.3 3.7 0.7
Annual 313 54.6 83.0 11.6 0.2

NOTES:
STATISTICS OF A SYNTHETIC PRECIPITATION SERIES FOR THE PEBBLE 1 STATION LOCATION, ESTIMATED ON THE
BASIS OF THE ILIAMNA AIRPORT RECORD (1842-2017), AS DESCRIBED IN KP (2018A).

Monthly temperature and precipitation values were estimated for various locations throughout the Project
area by adjusting the Pebble 1 valuas according to the following factors:

e Temperature was scaled using a lapse rale of -3.4 °F per 1,000 ft rise in elevation, and
e Precipitation was scaled using a combination of orographic and location factors that were derived from
the calibration of the Pebble Project Watershed Module.

The orographic scaling factors for precipitation differ between winter months (defined as November through
March) and non-winter months (defined as April through October), as described below:

e Winter: 34% increase per 1,000 ft rise in elavation, and
e MNon-wintar: 19% incraease per 1,000 ft rise in elevation.

The different oregraphic factors reflect the differences between the metecrological conditions that prevail
in winter and non-winter periods, as discussed in Section 2.2.1.

The location factors reflect other sources of spatial variability in precipitation and effective precipitation,
including proximity to adjacent high-elevation terrain, windward/leeward effects, inter-basin snow drifting,
and inter-basin groundwater flow.
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The orographic and location scaling factors were estimated based on comparisons of streamflow station
flow records, and then were adjusted as part of Waltershaed Module calibration to achieve a balance between
meteocrological inputs and corresponding groundwater and surface water values. The resulling spatial
distribution of estimated long-term mean annual precipitation in the Project area is presented on Figure 2.2.

The long-term synthetic series of annual precipitation for Pebble 1 is presentad on Figure 2.5, and the
cumulative departure of annual precipitation from the long-term mean is shown on Figure 2.6.
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Figure 2.5 Annual Precipitation {estimated) for Pebble 1
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Figure 2.8 Annual Precipitation Departure from Mean Precipitation Conditions for Pebble 1

it is evident on Figure 2.6 that annual precipitation varies quite dramatically in the Project area, with many
extended periods of wet and dry conditions. For instance:

e Inthe 1940s and 1950s, a few vears of above average precipitation were followed by a few years of
below average precipitation.

+  From the 1980s onward, the cycles of high and then low precipilation were typically a little longer.

o Annual precipitation was predominantly above average from 1960 to 1871, then predominantly
below average from 1972-1977.

o Annual precipitation was predominantly above average from 1878 to 1980, then predominantly
below average from 1991 to 1899,

o Annual precipitation was dominantly above average from 2000 to 2008, then dominantly below
average from 2007 to 2012.

e Three of the four largest annual pracipitation amounts occurred between the early 19603 and early
1970s; each of these years was followed by below-average precipitation the following vear (i.e. dry
years fend to occur even within decadal scale periods of dominantly above average annual
precipitation).

¢ The greatest increase in cumulative departure of annual precipitation occurred between approximately
1878 and 1890 (i.e. this was the most pronounced pericd of predominantly above average
precipitation).

e The grealest decrease in cumulalive departure of annual precipitation occurred between 1991 and
1999 (i.e. this was the most pronounced period of predominantly below average precipitation).
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Extreme precipitation intensity-duration-frequency curves were generated for the Pebble 1 station location
and presenied in the 2012 Hydrometeorology Report (KP, 2012). The IDF curves were generated according
to the NOAA Atlas 14 Volume 7: Precipitation-Frequency Atlas of the United States, Alaska (NOAA, 2012},
with adjustments for specific location and orographic effects. The IDF curves are based on annual extreme
precipitation data, which includes both rainfall and snowfall,

The Project straddles the headwater areas of the drainage basins of the North Fork Koktuli River (NFK),
the South Fork Koktuli River (SFK), and Upper Talarik Creek (UTC), as shown on Figure 2.2

The NFK and SFK join to form the Kolduli River mainstem approximately 17 miles west of the Project site.
The Kokiuli River flows into the Mulchatna River, which in turn flows into the Nushagak River. UTC flows
into fliamna Lake, which is drained by the Kvichak River. The NFK, SFK, and UTC drainage basins
ancompass a combined area of 347 square miles above the lowermost gaging station on each walercourse.

The study area topography is comprised of a series of hills interspersed with wide valleys infilled with glacial
fluvial deposits, with elevations ranging from around 2,500 feet on hill peaks 10 46 feet at lliamna Lake.
Weathered bedrock is exposed on upland surfaces, while thick sediment deposits are found in bedrock
valleys (Hamilton and Klieforth, 2010). Glacial and fluvial sediments of varying thickness cover most of the
Project arsa at elevations below about 1,400 feet and play an imporiant role in surface water runoff and
groundwater storage and exchange. Subsurface flows follow former pre-glacial surface drainage pathways
in several areas that have since been buried by subsequent sediment deposits, resulting in some cross-
basin transfers relative to the current surface topography.

Streamflow gaging stations were operated at 26 locations within the Project area for various periods
between summer 2004 and autumn 2015. Three of the gaging stations were operated by the Unifed Siates
Geological Survey (USGS), and the remainder were operated by PLP. The station locations are shown on
Figure 2.2. The USGS stations are NK100A, SK100B, and UT100B.

The three USGS gaging stations were operated from August 2004 until September 2015, Station SK100B
was re-initiated in 2017. Flows at many PLP stations were found (o be well correlated with flows at the
USGS stations, allowing gaps in the PLP station records to be infilled using regression analysis. As a resulf,
complete daily records of measured and synthesized flows could be developed for all stations for the period
of 2004-2015. This period is referred to as the PLP streamflow gaging perind.

The Pebble Project Watershed Module was used to generate long-term monthly streamflow values for each
gaging station using climatic inputs from Hiamna Airport (KP 2018a). The streamflow series extend from
1842 to 2017, which is the pericd of record for the lliamna Airport climate station.

YA101-176/57-4 Rev 1
July 6, 2018

i 14 61 47

@4
)
Z g

@3
(=
-
o
]

EPA-6692-0000275



Pebble Limited Partnership
Peabble Project

Pebble Mins Site
Operations Water Management Plan

The streamflow records collected in the Project area are summarized in Table 2.3, which presents mean
annual discharge (cfs}, mean annual unit discharge (cfs/mi2), and mean annual unit runoff depth {in./yr.) for
each station. The {able indicates a huge range of unit runoff valuas, from 16.8 in/yr at SK100C to 98.1 infyr
at UT119A, which reflects the substantial role that groundwalsr plays in the runcif at certain gages.

Table 2.3 Mean Seasonal Flow Distribution (2004 —~ 2015}
Drainage Statinn Df}iiﬁ_vag;e E!ea:n Srrsaaf ‘éh?aazn ﬁmngzi Um: Mem"ﬁ M:m;l.aa:ii‘ Lt
Hres fmi ) Eisoharge {ofs) Dischargs fofsimi ) Rumnoff {infyr}
HEaRw) 2545 238 33
B EA 1788 ez} AB.3
5341 12840 2EZ 214
AFEG 4% .4 134 8.8
okt Fiver v o4 w0 S 8m 337
130 238 2.2
340 347 $3.0
S 2ES 582 5.9 2138 2%.8
Do 243 .50 342
PRKIROAT 2.3 338
Fimrth Ptk HICIDDE BE 2l 300
Foketul Fiver 47T G 280
T 2T 308 444
BT 4.2 108 144
T IB-AFC2 240 %248
ST OG- APCE gz 3.1
ST RO ART 16151 SET 34.8
UTHGEE 5824 2ER 348
UTH0RC S5.47T 3574 387
Upper Tatark 83,37 4244 28 T3
Cresk 4528 1043 218 593
UTHCRD ER R 27 A 328 314
UTiG0E 338 R 288 bt
AT OG-SR 4, 44 333 308 445
[RER N £ 3 85 28,2 22 U1
042 347 218 7

Annual hydrographs of mean monthly discharge for the four gaging stations located closest (o the mine site
are presented on the following Figures 2.7 to 2.10. Hydrographs are presented for both the measured
records (including gaps infilled using regression relationships) and for the long-term estimated streamflow
series generated using the watershed module.
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Figure 2.10 Mean Monthly Discharge for UT100D

To illustrate the year to year variability of flows in the Project area, daily discharge hydrographs for station
NK118A are shown on Figure 2.11 for the driest year (2011), the wetltest yvear (2013), and the average for
the period of gage record.
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Figure 2.11 Daily Discharge Hydrographs for NK119A for Driest Year (2011) and Wettest Year
{2013) on Record

The annual patiern of streamflows in the mina study area is characlerized by:

¢ High flows in spring due to snowmealt

+ Lower flows in early to mid-summer

+  Another high-flow period in late summer and autumn due to frequent frontal rain storms, and

+ Lowest flows in winter when most precipitation falls as snow and streams are fed almost exclusively by
groundwatear.

These seasonal patlerns are apparent on the hydrograph figures presented above (Figure 2.7 through
Figure 2.11) and in Table 2.4, which presents the distribution of streamflow by seasons for each gaging
station.

At the lowermost gaging stations on the SFK, NFK, and UTC, the mean annual unit runoff was similar at all
three stations, at around 2.3 to 2.4 cfs/mi2. This equates to 31 to 33 in. of runoff depth at each station. The
annual unit runoff for the other lecations varied from gage to gage because of catchment topography and
precipitation, cross-drainage transfers of groundwater, surface and subsurface flow exchanges along
stream channels, and seasonal redistribution of snow by wind. In the upland tributaries gaged at NK118A
and SK1194A, the mean annual unit runoff values were 3.1 cfe/mi© and 3.2 cfs/mi2, respectively, or 41 to
43 in. of runoff depth at each station. The higher unit runoff values at NK119A and SK1184, as compared
to the lowermost gaging stations on the SFK, NFK, and UTC, are attributable mainly to catchment elevation
and the oregraphic influence on precipitation.
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Table 2.4 Mean Seasonal Flow Distribution {2004 — 2015}
Mean Seasonal Flow Distribution (% of Annual Volume}
Drai Primary Seasons (6 Non-Winter Seasons (2 Months)
Drainage Station Arf;iiﬁ% Months)
Winter Non- Spring s Autumn Annual
{Nov- Winter {May- ummer {Sep-
Apry | (May-Oct) | Jum) | UFANEL L o

SK100A 106.8 27% 74% 25% 18% 26% 100%

SK100B 69.3 22% 78% 32% 18% 29% 100%

SK100B1 54 .4 19% 81% 36% 17% 28% 100%

3K100C 375 13% 87% 39% 16% 33% 100%

SFK SK100F 11.9 21% 80% 32% 19% 29% 100%

SK100G 55 28% 73% 25% 19% 28% 100%

SK119A 10.7 16% 84% 36% 18% 30% 100%

SK124A 8.5 12% 89% 42% 16% 30% 100%

NEK100A 105.9 22% 78% 35% 17% 26% 100%

NK100A1 85.3 21% 80% 35% 18% 27% 100%

NK100B 373 22% 78% 34% 17% 27% 100%

NFK NK100C 24.4 26% 74% 31% 16% 27% 100%

NK118A 7.8 16% 85% 38% 18% 20% 100%

NK119B 4.0 14% 87% 42% 1% 33% 100%

UT100-APC3 1342 34% 686% 24% 17% 25% 100%

UT100-APC2 110.2 32% 68% 25% 16% 27% 100%

UT100-APCH 101.5 33% 7% 24% 17% 26% 100%

UT1008 86.2 34% 87% 26% 16% 25% 100%

uT100C 69.5 33% 67% 26% 16% 26% 100%

uT100C1 80.4 32% 69% 27% 15% 27% 100%

VT uT100C2 48.3 28% 72% 30% 15% 27% 100%

uT100D 12.0 28% 73% 30% 17% 26% 100%

UT100E 3.1 34% 66% 27% 16% 24% 100%

UT106-APCY 14.1 35% 65% 22% 18% 25% 100%

UT119A 4.1 47% 53% 18% 17% 18% 100%

UT135A 20.4 43% 58% 22% 12% 23% 100%

Average 27% 74% 30% 17% 27% 100%
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Peak flow curves were generated for mainstem river channels and upland tributaries in the mine study area
and presented in the 2012 Hydrometeorclogy Report (KP, 2012). The peak flow curves were generaied
based on streamflow gaging records available at that time, combined with regional regression equations
ganerated by the USGS, in accordance with USGS peak flow estimation proceduras specified by Curran
et al (2003).

Baseline groundwater hydrology and groundwater quality studies for the Project area were undartaken
between 2004 and 2013. Data for parameters thaif are subject to seasonal variation, such as water levels
and water qualily, were collected year round. Data for other parameters that are independent of the
seascns, such as aquifer properties, were collected between May and Oclober of each vear.

The study included the following elements:

e Collection of surface and subsurface geclogic data.

e Examination of drilling logs including an assessmant of the consistency to interpreted groundwater
conditions.

¢ Installation of monitoring wells and standpipe piezometers, including multi-level well completions.

¢ Installation and testing of pumping wells,

¢« Measurement of hydrogeological parameters such as water levels and hydraulic conductivity

¢ Characterization of the flow and water quality of seeps.

e Delineation of groundwater recharge and discharge zones.

e Evaluation of sub-basin drainage areas, channel lengths, annual precipitation, topographic relief, flow
regimes and stream characterislics.

+» Characterization of groundwater quality in the overburden and bedrock groundwaler systems.

Details and results of the groundwater hydrology and groundwater guality studies are presenied in the 2015
Groundwater SEBD Chapter 8 (Groundwater Hydrolegy) and SEBD Chapter 8 (Water Quality) reporis (PLP
2015a; 2015b). The groundwater conditions as described in PLP (2015a; 2015b) are summarized below.

Bedrock in the study area includes Jurassic and Crataceous sedimentary and volcanic rocks, intruded by
Crefaceocus granodiorite o monzonite, and overlain by Tertiary sedimeantary and volcanic rocks. Below the
upper bedrock zone (upper 50 feet), the hydraulic conductivity generally decreases with depth but includes
some elevated-permeability zones that are typically asscciated with faults. The available data suggest that
many of the faults act as flow barriers perpendicular to their strike, while somea of the structures demonstrate
an anhancead permeability in the direction of strike. The pattern of faulting has resulted in the formation of
groundwater compartments in bedrock at depth.

The upper slopes and ridges of the study area include exposures of highly fractured bedrock, talus, rubble,
and solifluction deposits. The highly fracturad bedrock provides a pathway for elevated rates of groundwater
racharge beneath the bedrock ridges. High rates of water return during air-rotary drilling indicate that the
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hydraulic conductivity is usually relatively high in the upper badrock due to weathering and frost disturbance.
The weathered and disturbed zone s typically up to about 50-ft thick.

The lower slopes and valley bottoms are infilled primarily with glacial deposits, with some over-riding alluvial
deposits. Several glacial periods have resulted in glacial advances and retreats within the study area. The
glacial deposits in the study area were mostly formed during the Kvichak Stade of the Wisconsin Brooks
Lake Glaciation and include end, lateral, and recessional moraines, ground moraines, outwash sands and
gravels, and glacio-lacustrine deposits. Outwash sands and gravels are typically observed to have the
highest hydraulic conductivity. The disturbed and weatheraed bedrock, up fo 50-ft thick, has bheen
documented under the lower slopes and valley bottoms throughout the Project area. The evidence includes
intense fracturing observed in drill core, water return during air rotary drilling and hydrogeological testing.

Threse permeable and extensive glacial sand and gravel deposits are of particular nota in the valley fill
sequence. Thase are;

+  Along the SFK River south of Frying Pan Lake ("Scuth Fork Koktuli Flats”). These deposits include a
sand and gravel moraina, and sand and gravel outwash deposits.

e In the NFK River Valley downstream of the Kvichak Stade terminal moraines.

¢ Eastof UT Creek where there is extensive outwash and glacial contact sand and gravels.

Extensive low-permeability lacustrine deposils underlie the glacial Frving Pan Lake basin. Consistent with
this low permeability, the lacustrine deposits are overlain by marshes. Similar low-permeability lacustrine
daposits are present within the NFK River and UT Creek drainages.

The groundwater flow system in the study area is generally characterized as follows:

e Most groundwater flow in the study area occurs along local and/or intermediate flow paths. There is
lirnited regional groundwatar flow to the surrounding lowlands.

¢ The overall groundwater flow pattern across the study area is dominated by flow in approximately the
upper 50-t of the bedrock from the margins of the valley towards the valley floor, and groundwater
underflow in a downstream direction along the axis of the valley, predominantly within permeable
gravels where present and in the disturbed bedrock where overburden is dominated by fine grained
deposits.

e Except for some cross-catchment flow betwean SFK River and UT Creek, the current assessment
indicatas that the majority of water that recharges the groundwater system within aach of tha three
main drainages discharges within that drainage.

¢ To varying degrees, continuous permeable overburden units fill the bedrock vaileys along each of the
three main drainages. In most of the valley reaches, the majority of groundwater flow occurs within the
overburden deposits. Groundwater underflow down the valley is much less where lower permeability
deposits (silts and clays) are predominate in the alluvium. In these arasas, the groundwaler system
tends to discharge to surface water, leading o gaining streamflow reaches. Conversely, whera the
alluvial deposits become more permeable downstream, or where the profile of the valley widens, the
surface water system tends to infiltrate to groundwater, leading to losing stream reaches. The main
reaches of streamflow losses and gains were characierized as part of the baseline study.

+ The upper reaches of tributaries tend to have limiled groundwater sterage capacity, and therefore
streamflows in the upper reaches are typically flashy, and late winter baseflows are relatively low.
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e Further downstream, the sustained winter baseflows for the main stams in most parts of the Project
area indicate considerable groundwaler is contained in storage within the main part of the valleys.
Baseflows are mostly higher where a substantial thickness of permeable alluvium is prasent upstream.
The overall nature of the baseflow patterns tends to indicate that most of the groundwater storage on
site occurs within the aliuvium, and that most bedrock units demonstrate limited groundwater storage
potential.

e Within each of the drainages, the surficial geclogy varies from low-permeability glaciolacustrine
daposits to high-permeability glacial outwash and ice-contact deposits. The large differences in the
permeability, coupled with variations in the topographic gradient, results in variability in the estimatad
localized recharge rates within each drainage.

The greundwater quality within the mine study area was assessed based on the coliection of samples from
80 groundwater monitoring wells with depths up to about 200-t and samples collected at drillhole DH-8417
at depths from 640 1o 4,050-ft. The resulis of the groundwater sampling were compared to the most
stringent criteria as defined in the Alaska Water Quality Criteria Manual for Toxic and Other Deleterious
Organic and Inorganic Substance by The Alaska Department of Environmental Conservation and Effluent
Limitation Guidelines by the EPA. A summary from the water quality assessment by PLP (2015b) is below.

» Median total dissolved solids (TDS) of less than B0 mg/L for 60% of the wells, 80 to 300 mg/L for 35%
of the wells and 400 to 500 mg/L for 5% of the wells.

¢ Median pH ranged between 5.8 and 9.6 in 79 out of 80 wells.

¢ Dissolved oxygen greater than 8 mg/L in 50% of the wells and less than 1 mg/L in 25% of the wells.

¢ Trace element concentrations were within water quality criteria in most cases and most wells with
concentrations exceeding the respective criterion were located in proximity 1o the general deposit area.

e The groundwater was divided info three general classes based on TDS: high TDS close to the general
daposit area, intermediate TDS at intermediate distances from the general deposit area, and low TDS
at greater distances from the general deposit area.

¢ The wells with the highest proportion of sulfate were typically located closest to the general deposit
area, suggesting the groundwater in this area is influenced by sulfide oxidation, which is typical near
copper sulfide deposits.

+ Trace element concentrations were generally higher in bedrock than in overburden. Seasonal variations
in major ion concentration were cbserved in 16 wells, most of which were completed at more shallow
dapths.

» The TDS of deap groundwater samples collected from drilthole DH-8417 at depth intervals ranging from
640 1o 4,050 feet increased with depth. Most of the samples collected at greater depths were of typs
sodium-calcium-sulfate and reached a TDS of 2,000 mg/l.. The concentrations of some constituents in
the overburden and shallow bedrock ground water wells were similar to the concenirations of the deep
bedrock groundwater samples.
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Groundwater and surface water runoff within the Project mine site Tootprint has been characterized into the
following groups.

+ Fresh waler. water that has not come into direct contact with mining infrastructure and may be
discharged to the environment withou! treatment in the water traatment plants (WTPs).

e Stormwater: runoff from facilities that does not comea info direct contact with mining infrastructure, or is
otherwise not classified as mine drainage, and therefore only requires treatment for sediment o mest
discharge water quality standards prior to discharge to the environment. Stormwater is defined in
40 CFR 122.26 (b} (13) as “Stormwater runoff, snow melt runoff, and surface runoff and drainage”.
Stormwater will be discharged under general APDES Stormwater Permits.

» Mine drainage: groundwater or surface runoff that has come info direct contact with mining
infrastructure and requires treatmeant at the water treatment plants to meet discharge water quality
standards prior to discharge (o the environment,

¢ Process waler: wastewater generated from the Process Plant operations. Process wastewater is
defined in 40 CFR 122.2 as "any water which during manufacturing or processing, comes into direct
contact with or results from the production or use of any raw material, intermediate product, finished
product, by-product, or waste producl.” Process wastewater will include water in the 1ailings slurry that
is discharged 1o the Bulk TSF and the Pyritic TSF.

A simplified operational water management plan layoui, which includes the main water management
facilities, is shown on Figure 3.1. The management plan Tor fresh water, stormwater, mine drainage waler,
and process water is described in the sections below,

Diversion channels will direct frash water around the mining infrastructure, where possible, and directly
discharge it to the downstream environment. This will reduce the amount of water collected within the mine
site footprint.

Stormwater runoff from the overburden stockpiles, the growth medium stockpiles, the quarries, and the
downstream slopes of the OP WMP embankment, the Bulk TSF Main SCP embankment, and the Main
WMP embankment, is assumed o not be contaminated and will be collected and treated locally at sediment
ponds prior to release to the environment. Quarry A is located within the Bulk TSF impoundment area and
will primarily be active during the initial construction of the Bulk TSF. Runoff from Quarry A during the early
operations phase of the Project, prior 1o the quarry being submerged by the bulk tailings, will be collected
and managed as part of the Bulk TSF supernatant pond. Surface runoff from Quarry B and Quarry C will
be collected and treated within sadiment ponds prior o release to the downstream environment. Quarry B
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will drain to a sediment pond that will discharge runoff towards the NFK, while Quarry C will drain to a pond
that will discharge to the Pyritic TSF divarsion channel, which in turn discharges 1o the NFK.

VA101-176/57-4 Rev 1

i 24 of 47
I © July 6, 2018

@4
)
Z g

@3
(=
[l
o
]

EPA-6692-0000285



WKPLWA-Pr$\N0 11001 76\57\A\Data\Water Management Plan\Area E and North Pond Optimization\[Water Management Layout]Maximum footprint

NORTH FORK KOKTULI CATCHMENT AREA

Print 7/5/2018 4:50 PM

%; SEDIMENT % MAIN WMP ¢ " e
POND DIVERSION

E
SEDIMENT
POND

: e
SEEPAGEREIND:
DIVERSION

K SEDIMENT
OND

UPPER TALARIK CATCHMENT AREA

= s
PYRITIC TSF %
A conoren  VEReeN CPENFT OPEN & T, -
T 77 ANDRECYCLE DIVERSION % PIT % P
ST 7 POND WP "
“ H §
% BULKTSF ,} e e e : ;
5 DIVERSION % [ § K
g iy { Iz
N kY SEEPAGE H 5
H N OLLECTION & 3
H ND RECYCLE SOUTH FORK KOKTULI CATCHMENT AREA B |
B POND 3
; 4
! s
: !
; @
i
§
LEGEND:
sgesmone  COLLECTION DITCH
WATER MANAGMENT/COLLECTION POND e E]I}\D/ESE!SN CHANNEL PEBBLE LIMITED PARTNERSHIP
WATER TREATMENT PLANT psoassocssecs PEBBLE PROJECT
MILL SITE » wm = me  CATCHMENT DIVIDE
STOCKPILE WATER COURSE
B WTP DISCHARGE POINT pooonconee - DISCHARGE TO ENVIRONMENT WATFAanAnﬁ?AG‘:Egg_!NgRlIﬁ_}’OUT
PIANO. I REF. NO.
. L. VA101-176/57 4
0 | osjurie TISSUED WITHREPORT [ ek T as ] @ ngbs.ﬁ'ﬁsphde
T T 1 REV
REV | DATE | DESCRIPTION | PrEPD | RvwD | FIGURE 3.1 o

EPA-6692-0000286



Pebble Limited Partnership
Peabble Project

Pebble Mins Site
Operations Water Management Plan

The mine drainage and process water management strategy for the various water sources is presentsd in
this section. Mina drainage and procass water from around the Project site will be collected and managad
using various water management facilities, which are further described in Section 3.4.

Groundwater and surface runoff collected in the Open Pit and surrounding area will be directed o the OP
WMP, prior (o being treated at WTP#1. Trealed water from WTP#1 will be released o the environment
downstream of the Project mine sita.

Mine drainage water and process water from outside of the Open Pit and surrounding area, including
surface runcoff from the process plant site and power plant site, TSF seepage water, and surplus
supernatant water on the TSFs, will be directed to the Main WMP.

The Main WMP will provide surge capacity for runoff from the mine site. Surplus mine drainage and process
water from the TS5Fs, seepage, groundwater, and runoff from the Bulk TSF Main SCP and the sespage
pond at the north end of the Pyritic TSF, will be pumped to the Main WMP to minimize the volume of water
stored within these facilities. The operating capacity of the Main WMP was sized o manage surplus water
from the mine site and 1o supply water to the process over the full range of historic climate conditions.

Surplus water from the Main WMP will be treated at WTP#2. A small portion of the treated water will be
used to satisfy the clean water requirements for the process and power plant, while the remainder will be
discharged downstream of the mine site. No fresh water from outside of the mine site Tootprint will be used
o satisfy the processing requirements.

The capacities of the water treatment plants were determined by balancing the storage capacity and the
water management ponds with the water treatment rates to provide a reliable source of process water
during dry climate conditions and the ability to manage surplus water during wet climate conditions. The
maximum treatment capacity of WTP#1 was determinad 1o be 14 ¢fs, and the maximum treatment capacity
of WTP#2 was determined to be 38 cfs.

Dewatering of the Open Pit will be required to initiate and maintain mining activities. The development of
the ultimate pit dewatering design will be based on a series of interim pit phases that reflect successive
daepening and cutback of the pit. The interim pit phases will use perimeater and in-pit wells to collect
groundwater. This phased approach will allow the ultimate pit dewatering approach to be based on the
operational performance of each preceding phase. Mine dewatering and control of the pore pressures in
the pit slopes are interrelated and will therefore be developed coincidently.

Groundwater collected from the Open Pit will be directed toward the OFP WMP for tamporary storage and
then treatment prior 1o discharge (o the environment downstream of the Project mine site. Runoff from areas
upslope of active mining areas will be infercepted and diverted around the Open Pit perimeter where
possible. Runoff and snowmelt from the Open Pit walls will be collected and pumped using in-pit pumps to
the OP WMP for storage and trealment pricr to discharge to the environment downstream of the Project
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mine site. Tha pumping capacity of the dewatering system will be daesigned to Keep active mining areas dry
during normal operating conditions, with contingency measuras in place to handle periods with higher flow.

The following sections describe the major water management facilities proposed to execuie the water
managemeant plan for the Project. The design criteria for the water management structures are outlined in
Table 3.1. The maximum operating pond volume and minimum operating pond volume (where applicable)
were determined with the climate variable water balance.
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Table 3.1 Design Criteria Table for the Water Management Structures
Water
Management Design Criteria
Structure

Fresh Water
Diversion Channels

Convey undisturbed surface water runoff around the mine site facilities to the
downstream environment.

OoP WMP

Maximum operating pond volume of 40 Mft® (920 ac-ft) to manage dewatering

from the Open Pit. Water in excess of this capacity will be pumped to the Main
WMP for management. Storm storage freeboard allowance for the required IDF
and a spillway to safely pass larger events with additional freeboard’

Minimum operating pond volume of 300 Mft® (6,900 ac-ft) to ensure that there is
sufficient water available for the process during dry climate conditions. Maximum
operating pond volume of 2,450 Mft? (56,250 ac-ft) to manage surplus water from
the Project mine site during wet climate conditions. Storm storage freeboard
allowance for the required IDF with additional freeboard’

Maximum operating pond volume varies by embankment stage and mine
development, but is constrained by the need to maintain a minimum 2,000 ft beach
length. Storm storage freeboard allowance for the required IDF without release
from the facility with additional freeboard’

Maximum operating pond volume of 130 Mft® (3,000 ac-ft) to manage seepage
and runoff from the main embankment of the Bulk TSF. Storm storage freeboard
allowance for the IDF and a spillway to safely pass larger events with additional
freeboard’

Minimum operating pond volume varies by embankment stage and mine
development, but is constrained by the requirement to maintain a water cover to
promote geochemical stability of the pyritic tailings and PAG waste rock. Storm
storage freeboard allowance for the required IDF and a spillway to safely pass
larger events with additional freeboard’

Ponds are to be operated with the minimum pond volume required by the pump
systems. Storm storage freeboard allowance for the required IDF and a spillway
to safely pass larger events with additional freeboard’

Treat sediment for all inflows resulting from the 1 in 10-year, 24-hour rainfall event,
with no flow passing over the spillway.

Spillway to safely pass the peak outflows resulting from the 1 in 200-year, 24-hour
rainfall event, with the starting pond level at the spillway invert. Additional
freeboard provided.”

Main WMP

Bulk TSF

Bulk TSF Main
SCP

Pyritic TSF

Seepage Collection
and Recycle Ponds

Sediment Ponds

NOTES:

1. EACH WATER MANAGEMENT POND WILL INCLUDE AN ADDITIONAL FREEBOARD ALLOWANCE FOR WIND-
GENERATED WAVE HEIGHT AND POTENTIAL SEISMIC DEFORMATION.

2. IDFINFLOW DESIGN FLOOD.

3. THE REQUIRED 1DF FOR EACH WATER MANAGEMENT POND WILL BE DETERMINED THROUGH THE ALASKA DAM
SAFETY PROGRAM (ADSP).

VA101-176/57-4 Rev 1

28 of 47
© July 6, 2018

i

@4
)
Z g

@3
(=
-
o
]

EPA-6692-0000289



Pebble Limited Partnership
Peabble Project

Pebble Mins Site
Operations Water Management Plan

Fresh water diversion channels are proposed 1o collect and convey surface water runoff from undisturbed
ground and directly discharge if o downsiream waterways. The channels will be sized t¢ convey the
spacified design storm and will be constructed at a gradient {o promote fres-drainage and minimize ponding.
The channels will be lined where required 1o minimize the potential for erosion and sediment entrainmeant.
The assumed efficiency of the channels is 50% for channels situated at elevations above 1,400 fasi, and
80% for channeis situation at elevations below 1,400 fasl. The proposed fresh water diversion channels are
shown on Figure 3.1 and include the following:

e An Open Pit diversion channel to divert undisturbed runoff from areas north and west of the Opan Pit
southward to the SFK.

e A Pyritic TSF diversion channel to divert undisturbed runoff from areas west of the Pyritc TSF northward
to the NFK.

+ A Bulk TSF diversion channel 1o divert undisturbed runcff from areas southwest of the Bulk TSF
southward to the SFK.

e A Bulk TSF Main SCP diversion channel to divert undisturbed runoff from areas east of the Bulk TSF
Main SCP northward (o the NFK.

» A Main WMP diversion channel to divert undisturbed runoff from areas east of the Main WMP northward
to the NFK.

Flows coliected in the fresh waler diversion channels will be conveyed directly to the downsiream
waterways. These flows are expected to follow a similar pattern o the pre-mine hydregraph, with high flows
occurring during the spring snowmelt season and fall rainy season, and low flows occurring during the lale
summer period. Minimal flows are expected during the winter when pracipitation will mostly fall as snow.

The OFP WMP will be a lined facility. The maximum operating pond volume and freeboard criteria Tor the
OPF WMP are outlined in Table 3.1. The storm slorage freeboard allowance will be provided in addition to
the maximum operating pond volume, and the emergency spillway will be set at an elavation above the IDF
freeboard and will direct flows towards the SFK. Water in excess of the maximum operating pond volums
will be directed to the Main WMP. Collection ditches along the toe of the embankments will direct stormwater
runoff o a sediment control pond for treatment prior to release {o downstream waterways. Water collected
within the OP WMP will be treated for discharge at WTP#1.

The Main WMP will provide water storage surge capacity for the mine site and is a key component of the
water management strategy. Water collected in all of the other water management ponds, excluding the
OGP WMP, will be directed to the Main WMP to minimize the storage requirements of these ponds. The Main
WMP will be a lined facility, with underdrains installed below the liner to direct groundwater drainage under
the Tacility and towards the sediment conirol pond. Collection ditches along the toe of the embankmenis
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will direct stormwater runoff from the embankments 1o a sediment control pond for treatment prior to release
o the downstream environment.

The operating capacity of the Main WMP was sized using the climate variability water balance model, for
purposes of safely managing the surplus water from the mine site and supplying water to the process under
the full range of climate conditions. The minimum and maximum pond volumes and freeboard criteria for
the Main WMP are outlined in Table 3.1.

Excess water accumulation within the pond that would infringe upon the storm slorage requirements, and
which is not a result of the 1DF inflow, will be directed to the Open Pit for temporary storage. The Main WMP
will include an emergency spillway designed to safely convey the peak discharge from the IDF, and will
direct flows to the NFK.

The Bulk TSF will be used to manage bulk tallings solids and supernatant water prior to pumping surplus
water {0 the Main WMP. The Bulk TSF will provide sufficient storage capacity Tor the tailings, the operating
pond, and a freeboard allowance as outlined in Table 3.1, without release 1o the downstream environment,
The water management strategy for the Bulk TSF is to maintain a minimum supernatant pond with
maximum beachas by pumping surplus water to the Main WMP via the reclaim water pumping system.

The main embankment of the Bulk TSF is proposed {0 operate as a drained facility to promote long-term
drainage of the bulk tailings mass. The Bulk T3F Main SCP, localed downstream of the main embankment
of the Bulk TSF, will collect seepage that drains through the main embankment. Water collected in the Bulk
TSF Main SCP will be pumpad to the Main WMP. The Bulk TSF south embankment is proposed to include
a hydraulic barrier, consisting of a HDPE liner or a low permeability core zone, and a grout curtain installed
in the weathered bedrock. A seepage collection pond will be located downstream of the south embankmeant
to collect any polential seepage and embankment runoff. A seepage collection pend will also be constructed
on the east side of the Bulk TSF to collect potential seepage and runcff from the east side of the facility.
Water collected in the south and east seapage collection ponds will be pumped back into the Bulk TSF.

The Bulk TSF Main SCP is the main seepage collection system for the Bulk TSF and will be used to manage
seepage and runcff flows from Bulk TSF main embankment. Waler collected in the Bulk TSF Main SCP will
be pumped to the Main WMP. The maximum operating pond volume, storm storage, freeboeard, and spillway
criteria for the seepage pond are outlined in Table 3.1. Collection ditches along the toe of the Bulk TSF
Main SCPF embankment will direct stormwater runoff t© a saediment control pond for treatment prior to
release to the downstream environment.

An emergency spillway will be set at an elevation above the IDF freeboard and will direct discharges
towards the NFK.
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The Pyritic TSF will manage pyritic tailings solids, PAG waste rock and supernatant water. The Pyritic TSF
will be lined and is a water retaining Tacility, and will provide sufficient storage capacity for the tailings, PAG
waste rock, operating pond, and freeboard allowance as cutlined in Table 3.1. The waler managemeant
strategy for the Pyritic TSF is to maintain a water cover over the surface of the tailings and waste rock 1o
maintain geochemical stability. Surplus water will be directed to the Main WMP via the reclaim water
pumping system.

The Pyritic TSF will contain the {DF withou! release io the downstream environment, and an emergency
spillway will be included in the design.

Underdrains will be included below the facility to direct groundwater and seepage to a collection pond
downstream of the main Pyritic TSF embankment. The seepage collection pond will also collect stormwater
from the main embankment. Water collected in the seepage collection pond will be pumped to the Main
WMP. Additional seepage collaection and recycle ponds will be constructed around the Pyritic TSF. Flows
collected within these facilities will be recycled back into the Pyritic TSF.

Saapage collection and recycle ponds will be located downstream of the Bulk TSF south embankment, the
Bulk TSF east side, and the Pyritic TSF south embankment.

The operating criteria, storm storage and spillway criteria for the seepage collection and recycle ponds are
cutlined in Table 3.1. Seepage flows will be pumped back 1o each respective TSF, as required.

Sediment ponds will be located downstream of various embankment structures throughout the mine site o
collect and treat non-mine drainage stormwaler from these facilities. Sediment ponds will be located
downstream of the overburden stockpiies, growth medium stockpiles, the OP WMP, the Bulk TSF Main
SCP, the Main WMP embankments, and the quarries. The operating crileria, storm storage, and spillway
criteria for the sediment ponds are outlinad in Table 3.1. Releasas from the sediment ponds are expected
o follow a similar patfern to the pre-mine hydrograph with high flows occurring during the spring showmelt
and fall rainy seasons, and low flows occurring during the late summer period. Minimal flows are expected
during the winter when most of the precipitation will fall as snow.

There are two walter treatment plants proposed for the project 1o treat surplus water: WTP#1, which is
iocated near the OP WMP, and WTP#2, which is located near the Main WMP. Variable water treatment
rates were required o manage the surplus water from the mine site under the full range of historic climate
conditions. Higher water {reaiment rates will be required during extendad wet periods and reduced water
treatment rates will be required during extended dry periods. The treatment rates for WTP#1 and WTP#2
are dictated by the velumes of water slored in the OP WMP and the Main WMP, respeclively. Trigger
volumas in the water management ponds correspond o treatment rates at the water treatment plants, as
defined in Table 3.2 for WTP#1 and the OP WMP, and in Table 3.3 for WTP#2 and the Main MWP.
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Table 3.2 WTP#1 Operational Strategy ~ Open Pit WMP Trigger Yolumes and WTP#1 Rates
Open Pit WMP Trigger WTP#1 Inflow
Case Volume Rate Description
(M5 {ac-ft) {cfs)
Low <4 <90 47 1 train (33% of tqtai
treatment capacity)
§ G,
Average 4108 90 to 185 0.3 2 trains (66% of total
treatment capacity)
1 )
High > 8 > 185 14.0 3 trains (100% of ﬁotai
treatment capacity)

NOTES:
1. SOURCE FOR THE NUMBER OF WATER TREATMENT TRAINS 18 HDR (2018A).

Table 3.3 WTP#2 Operational Strategy — Main WMP Trigger Volumes and WTP#2 Rates
; . WTP#2
Main WMP Trigger Volume
Case Inflow Rate Description
{MFt%) {ac-ft) {cts)
ey} [
Low-Low <300 < 6,900 9.5 1 train (25% of fotal
treatmeant capacity)
£ L)
Low 300 to 1,200 6,900 to 27,500 19.0 2 trains (S0% of total
treatment capacity)
Ty [r)
High 12000 1,500 | 27,500 to 34,400 28.5 8 ftrains (75% of total
treatmeant capacity)
£ [+]
Maximum > 1,670 38,300 38.0 4 trains (100% of foal
treatment capacity)

NOTES:
1. SOURCE FOR THE NUMBER OF WATER TREATMENT TRAINS IS HDR (20184A).

The water treatment plants will producs reject sludge. The reject sludge flow rate is assumed to be 0.1%
of the inflow rate to the water treatment plants (HDR 2018a). in addition, WTP#2 has an RO reject rate of
2.3% of the inflow rate to WTP#2Z (HDR 2018a). The reject sludge and RO reject will be pumped to the mill
and will be added to the pyritic tailings slurry pipeline to be disposed of within the Pyritic TSF.

Treated water from WTP#1 and WTP#2 that is not required at the process plant or the power plant will be
discharged. Treated water discharge locations are proposed in the NFK, SFK and UT caichments, as
shown on Figure 1.1,
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A water balance model for the operations period of the mine was developed for the Project. The water
balance is comprised of three modules: the Watershed Module, the Groundwater Module, and the Mine
Plan Module. This section dascribes the Mine Flan Module {the model} of the water balance and presenis
the associated inputs, assumptions, and results. The Mine Plan Module is representative of the movement
of water within the mine system, and it uses inputs from the Watershed Module and the Groundwater
Module. The Mine Plan Module estimatas the amount of waler {0 be managed at the mine site during the
full operating period of the mine under a full range of historic climate conditions.

The Mine Plan Module was completed on a monthly basis using GoldSim® software, and was based on
the conceptual 20-year life of mine foolprint shown on Figure 1.1 and the water management sirategy
described within this report. The waler management strategy incorporated into the Mine Plan Module is
shown as a flow schematic on Figure A1 in Appendix A. The model assumes a constant nominal milling
rate of 180,000 tpd and that the maximum mine fooltprint is applicable to every year of operations.

Climate variahility was incorporated into the model by utilizing the 76-year synthetic time-series of monthly
temperature and precipitation values developed for the Project site. The time-series data were incremenially
stepped by vear within the model, for the planned life of the Project, thereby preserving the inherent cyclical
nature of the climate record. The model generated 76 unique sets of results of water flow and storage for
aach month of each vear of the modael.

Additional inputs and assumptions for the model include:

e The ore, concentrate and tallings properties are as follows (Ausenco 2017a):
o Ore has a 3% water content and a specific gravity (SG) of 2.6,
o Concentrate is classified into two types:
= Copper concentrate with an 8% water content and an SG of 3.1,
=  Molybdenum concentrate with a 12% water content and an 8G of 3.2.
o Bulk tailings has an 8G of 2.6.
o Pyritic tallings has an 8G of 2.8
¢ The hulk tailings dry density is assumed to be 890 pcf.
¢ The pyritic tailings dry density is assumed {o be 100 pcf.
¢ The flow-through rate of the Bulk TS8F main embankment is assumed to be a constant rate of 8 cfs
during operations (KP 2018b).
+ A total tonnage of approximately 126 million short fons of PAG waste rock is stored in the Pyritic TSF
during operations (approximate volume of 500 million 13 assuming a density of 120 pcf).
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e Groundwater inflow to the Open Pit is at a constant rate of 2,700 gpm (6 ¢fs), as provided by Piteau
Associates.

» Approximately 3 cfs of treated water from the waler treatment plants is required at the mill Tor
processing, (Ausenco 2017b).

¢ Approximately 3 cfs of treated water from the water treatment plants is required at the power plant
cooling towers, and approximately 265 gpm (0.6 cfs) of blow-down water will be directed 1o the Main
WMP (WorleyParsons 2017).

+  Treated water to the mill and power plant is sourced from WTP#2.

»  WTP#1, which is located near the Open Pit, has a maximum treatment rate of 14 ¢fs providad by three
trains of equal treatment capacity (HDR 2018a). The rejact sludge from WTP#1 is assumed 1o be
directad to the Pyritic TSF through the pyritic tailings line.

o WTP#2, which is located near the mill, has a maximum treatment rate of 38 cfs, provided by four trains
of equal treatment capacity (HDR 2018a). The reject sludge and reject flow from WTP#2 will be directad
to the Pyritic TSF through the pyritic tailings line.

The module schamatic and corresponding average annual flows are shown on Figure A1 and in Table A1,
in Appendix A. The values include the average annual inflows and outflows for the water management
facilities for three unigue model runs (realizations), which were selected from the entire set of 76 model
realizations. These seleclions rapresent relatively dry, average, and relatively wet conditions, and illustrate
the range of potential flows for the mine site. The realizations all have similar average precipitation values,
but differ in how the precipitation varies from year to year. The realizations selected are:

+ Reaglization #36 was selected to represent relatively dry conditions because it contains a period that
rasults in low environmental discharge releases. The average annual precipitation for realization #36
is 56 in., but the annual precipitation in the final yaar of operations is 33 in.

« Realization #5 was selected o represent average conditions hecause it results in relatively constant
environmential discharge releases. The average annual precipitation for realization #5 is 57 in. and the
annual precipitation for the final year of operations is 58 in.

¢ Realization #10 was selected o represent relatively wet conditions because it contains a peried that
resuits in high environmental discharge releases. The average annual precipitation for realization #10
is 57 in., but the annual precipitation for the final vear of operations is 93 in.

The volume of fresh water, stormwater, and mine drainage water that is managed within the Project mine
site is a function of the climale. More waler will be collected and managed during wel climate conditions
compared to during dry climate conditions. The relatively wet condition (realization #10) in Table A2
corresponds to more runoff and direct precipitation being collacted within the water managemeant faciiities
than the relatively dry condition (raalization #36). The amount of process waler managed during the three
realizations is the same because this is a function of the processing throughput rate and the tailings
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propertias (e.qg. the throughput rate and percent solids in the tailings streams dictate the amount of waler
in the tailings slurries), and is independant of the climate conditions.

Water losses (or water thal is not available for the process or for treatment and discharge) include
evaporation from the surfaces of the waler management ponds and the cooling fowers of the Power Plant,
water that is lost or trapped in the Bulk tailings voids storad in the Bulk TSF and the Pyritic tailings voids
and PAG waste rock voids stored in the Pyritic TSF, and a small amount of water thal leaves with the
concenirate. The losses are independant of the climate conditions and are a function of the processing
throughput rate, the tailings and waste rock properties, and the Power Plant design. The losses are
therefore similar under all climatic conditions.

The amount of surplus water at the site is a function of the total amount of water entering the site and tha
total water lossas. The amount of surplus water incraases during wet climate conditions since the amount
of inflow increases, but the amount of losses are the same as during dry climate conditions. The total site
surplus water for the realizations selected to reprasent relatively dry, average, and relatively wet conditions
are summarized in Table 4.1. The site surplus water for the Project will be stored within the waler
management ponds and then trealed and released downstream of the mine site.

Table 4.1 Average Annual Site Wide Surplus Flow for Individual Realizations Representing

Relatively Dry, Average, and Relatively Wet Conditions

Average Annual Flows (cfs)

Relatively Dry
Conditions
{Realization #36)

Average
Conditions
{Realization #5)

Relatively Wet
Conditions
{Realization #10)

Water in Ore 2 2 2
Groundwater to Open Pit 8 8 8
Mine Drainage 21 44 &1

Total Inflows 29 52 89
Concentrate <1 <1 <1
Tailings Voids 20 20 20
Pond Evaporation 3 3 3
Power Plant Evaporation 2 2 2
Dust Control <1 <1 <1

Total Losses 25 258 25

NOTES:

1. THE SURPLUS FLOW 1S AN INDICATION OF THE AMOUNT OF WATER THAT IS COLLECTED AND MANAGED WITHIN
THE PROJECT MINE SITE. THE SURPLUS FLOW IS5 NOT DIRECTLY RELATED TO THE AMOUNT OF WATER TREATED
AND RELEASED DOWNSTREAM OF THE PROJECT SITE AT ANY ONE TIME SINCE THE SITE SURPLUS DOES NOT TAKE
INTO ACCOUNT THE CHANGE IN WATER STORED WITHIN THE WATER MANAGEMENT PONDS.

Estimated pond volumes for the Main WMP, provided in terms of monthly 1st, 10t 80t 901 agnd 9ot
percentile values, are shown on Figure 4.1, These results indicate that the Main WMP will operate below
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the maximum operating pond capacity at all times, and that there is sufficient water available in the pond
o satisfy the process raclaim water requirements (the pond does not go dry), even during prolonged dry
periods.
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Figure 4.1 Main WMP Volumes Results and Operating Capacity — 1%, 10%, 50", 30", and 93"
Percentiles

The total flows releasad downstream of the Project mine site are a combination of frash water from the
diversion channels and quarry runoff, and treated water from the waler treatment plants. The water
treatment plant flows are expected o vary hased on the amount of water captured at the mine site, whareas
the flows from the fresh water diversions are expected to vary according {o natural flow patterns, with higher
flows during the spring melt and fall rainy periods, and lower flows during the late summer and winter
months. The total water released from the water treatment plants will be a function of the site surplus water
and the change in water managemaent pond storage. During drier climate conditions, the amount of water
stored within the water management ponds will decrease, while during wetter climate conditions, the
amount of water stored within the water management ponds will increase.

The 18, 101 500 o0t and 99" percentile values of total water released from the waler treatment plants
are summarized on a monthly basis in Table 4.2 and on Figure 4.2. These results, which are based on
model inputs of 76 different series of paired monthly temperature and precipitation values over the 20-ysar
mine life, indicate that the toial flow releases from the water treatment planis can vary from lows of 8 ¢fs
during the mid and late winter months (15t percentile rasulis) to highs of 45 cfs for much of the year (390
percentile results). The total flow releases from the water treatment plants increase in the spring melt
season (approximately April through June) in response 1o increased runoff throughout the mine site, which
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triggers the requirement to treat and release more waler. The iotal flow releases from the water freatment
plants decrease during the winter months (Oclober through March) for all percentiles and during the
summer low flow periods (July through September) for the 15t and 10V parcentiles.

Table 4.2 Total Release from the Water Treatment Plants to Downstream of the Mine Site -
154, 10, 50%, 90, and 99 Percentiles

Total Release from Water Treatment Plants (cfs)
Month 45t 4qth EOth To ggth
Percentile | Percentile | Percentile | Percentile | Percentile

Jan 12 17 24 35 40
Feb 13 17 22 3 38
Mar 8 17 22 30 40
Apr 11 18 22 29 40
May 12 21 26 35 45
Jun 21 27 35 44 45
Jui 17 22 35 45 45
Aug 18 22 35 45 45
Sep 21 26 36 45 45
Oct 18 25 36 45 45
Nov 8 17 30 45 45
Dec 12 17 26 40 45
:;Z?Z;; 14 20 29 39 43

NOTES:
TOTAL RELEASE FROMWTP IS THE SUM OF THE FLOWS AVAILABLE FOR RELEASE FROM WTP#1 AND WTP#2 AFTER
TREATED FLOW REQUIREMENTS TO THE PROCESS ARE SATISFIED.
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Figure 4.2 Total Flow Releases from the Water Treatment Plants to Points Downstream of the

Mine Site: 1%, 10%, 50%, 90", and 99% Percentile Results

The percentile results shown in Table 4.2 and on Figure 4.2 were calculated based on the full set of 76
model realizations, and do not specifically represent any one individual model realization. Three individual
model realizations were selected to show the potential variation in water treatment plant flow releasas.
These realizations were not selected 1o match the parcentile results shown in Table 4.2 and on Figure 4.2,
but rather to represent relatively dry, average, and relatively wet annual climate conditions.

The total flow releases from the water treatment plants for the final years of operations for the three selected
realizations are summarized on a monthly basis in Table 4.3 and on Figure 4.3. These resulls indicate that
the total flow releases are similar during the low-flow period from January through April Tor all thrae climate
sceharios; however, differences in the timing and magnitude of the spring snowmelt runcff dictate that flow
releases from the water treatment plants differ during the spring (May through June). For instance, the
releases are higher in May for the relatively dry scenario {(realization #36) than for both the average
(reglization #5) and relatively wet scenarios (realization #10), but then the relative differences in flows
change according to how the climate and runoff conditions vary throughout the year. On an annual basis,
however, the average and relatively wet scenarios had higher total relaaseas from the water treatmeni plants
than the relatively dry scenario.

. . VA101-176/57-4 Rev 1
Knight Piésold 38 ot 47 July 6, 2018

CONBULTING

EPA-6692-0000299



Pebble Limited Partnership
Peabble Project

Pebble Mins Site
Operations Water Management Plan

Table 4.3 Total Release from the Water Treatment Plants to Downsitream of the Mine Site -
individual Reglizations Representing Relatively Dry, Average, and Relatively Wet Conditions

Total Release from WTP (cfs)
Month Relatively Dry Conditions Average Conditions | Relatively Wet Conditions
{Realization #36) {Realization #5) {Realization #10)
Jan 22 28 22
Feb 17 17 17
Mar 17 22 17
Apr 22 22 22
May 26 22 22
Jun 27 36 27
Jul 17 36 36
Aug 22 36 45
Sep 22 36 45
Qct 22 36 45
Nov 8 31 45
Dec 12 26 40
Annual Average 20 29 32

NOTES:

1. TOTAL RELEASE FROM THE WTPS IS THE SUM OF THE FLOWS AVAILABLE FOR RELEASE FROM WTP#1 AND WTP#2
AFTER TREATED FLOW REQUIREMENTS TO THE PROCESS ARE SATISFIED.
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Figure 4.3 Total Release from the Water Treatment Plants to Downstream of the Mine Site for

individual Realizations Representing Relatively Dry, Average, and Relatively Wet Conditions
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A water quality model (WQ model) was developed to predict the influent water quality to the water treatment
plants and the water guality within the water management ponds using a mass balance approach. The WQ
model developed using Goldsim® and was built on the foundation of the Mine Plan Module, which provided
the inflows, outflows, and storage volumes for each pond. Walter quality prediclions are provided for the
following:

e  WTP#1

e  WTP#2

e OPWMP

+  Main WMP

¢ Bulk TSF

+  Bulk TSF Main S8CP, and
e Pyritic TSF.

The water quality standards at each of the proposed discharge locations are summarized in Table 5.1, The
water treatment planis will be designed to meet the specified discharge water quality standards.

The mass balance calculations factor in the inflow loads (e.g., undisturbed runoff load, load transfer from
other facilities, etc.) and ocutflow loads {(e.g., load transfer to other Tacilities, lpads trapped in the tailings
voids, stc.) from the water management ponds. The monthly concentrations are a function of the constituent
loads and the flow volumes associated with the inflow, cutflow and storage components of the system, and
based on the integration of the following:

e The monthly constituent concentrations within a pond are equal to the sum of the previous month's
stored load and the current monthly loading divided by the previcus month’s stored volume plus the
current month’s inflow volume minus the evaporation.

¢ Loads removed from each facility by either pumping or seepage losses are determined using the
monthly concentrations multiplied by the volumes of water being removed during each time step.

e The stored load for each monthly time step is the sum of the previous monih's load and the incoming
load minus the outgoing load.
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NOTES:

WQBEL: Water Quality Based Effluent Limit
ELG: Effluent Limitation Guideline

(H): Hardness dependent criterion

(S): Selenite + Selenate dependent criterion
WQS: Water Quality Standards

HH: Human Health

ALA: Aquatic Life, Acute

ALC: Aquatic Life, Chronic

DW: Drinking Water

MA: Monthly Average

GP: Growth and Propagation of Fish

IR: Irrigation water

WS: Water supply

(i 3 Knight Piésol
COMSULTING
TABLE 5.1
THE PEBBLE PARTNERSHIP
PEBBLE PROJECT
WATER QUALITY STANDARDS IN RECEIVING WATER BODY
Parameter Units Estimated Limits & Basis
Most Stringent Basis ABBREVIATIONS:
Aluminum (total) ug/L 87 WQBEL-ALC
Antimony (total} ug/L 6 WQBEL-DW
Arsenic {total) ug/l 10 WQBEL-DW
Barium (total) ug/L 2000 WQBEL-HH
Beryllium {total) ug/L 4 WQBEL-HH
Boron (total) ug/L 750 WQBEL-HH
Cadmium (H) (total) | ug/L 0.08 WQBEL-ALC
Chloride ug/L 230000 WQBEL-ALC
Total Residual Chlorine | ug/L 11 WQBEL-ALC
Chromium (total} ug/L 100 WQBEL-DW
Chromium [l (H) (total) | ug/k 19.18 WQBEL-ALC
Chromium VI (dissolved)l ug/L 11 WQBEL-ALC
Cobalt {total) ug/L 50 WQBEL-R
Copper {H) {total} ug/L 219 WQBEL-ALC
Cyanide (WAD) ug/L 5.2 WQBEL-ALC
Fluoride ug/L 1000 WQBEL-IR
Iron (total) ug/L 1000 WQBEL-ALC
Lead (H) (total) ug/lL 0.39 WQBEL-ALC
Lithium (total) ug/L 2500 WQBEL-IR
Manganese (total} ug/L 50 WQBEL-HH
Mercury (total) ug/L 0.012 WQBEL-ALC
Molybdenum {total) | ug/L 10 WQBEL-R
Nickel (H) (total) ug/L 12.87 WQBEL-ALC
Nitrate ug/L 10000 WQBEL-DW
Nitrite ug/b 1000 WQBEL-DW
Total Nitrate+Nitrite as Nl ug/lL 10000 WQBEL-DW
Selenium (total) ug/L 5 WQBEL-ALC
Silver (H) (total) ug/L 1.1 WQBEL-ALA
Thallium (total) ug/L 1.7 WQBEL-HH
Vanadium (total) ug/L 100 WQOBEL-HH
Zinc (H) (total) ug/L 28.95 WQBEL-ALA
TDS mg/L 500 WQBEL-HH
pH - 6.5-85 Was-GP
1SS mg/L 20 ELG-MA
DO mg/L >=70 WQs-GP
Turbidity (NTU) NTU No greater than 5 NTU above natural turbidit WQS-Ws
Alkalinity ug/L > = 20,000 WQBEL-ALC
Ammonia as N mg/L 4.36 WQBEL-ALC
Hardness mg/L 100 see note 9 below|
Sulfate mg/L 250 was

Discharge Criteria. xisx]Table 5.1_WTP_Limits

1. Water quality based effluent limits (WQBELSs) are taken from Alaska Water Quality Criteria Manual for Toxic and Other Deleterious Organic and [norganic Substances dated December 2008,

2. Water guality standards (WQS) are taken from Alaska Water Quality Standards (18 AAC 70} dated April 6, 2018,

3. Technology based effluent limits are take from Efffuent Limitation Guidefines, SubpartJ (A0 CFR 440.104) for the Copper, Lead, Zinc, Gold, Silver, and Molybdenum subcategory.

4. Water guality standards for dissolved oxygen, turbidity, and pH are mandatory. Estimated limits are the most stringent of water supply, recreation, or growth and propagation standards.
Temperature limits are also required, but dependent on habitat and seasonal considerations.

5. Hardness-dependent criteria {cadmium, copper, chromium Hi, lead, nickel, sitver, zinc) are calculated using the estimated 15th percentile conditions for the receiving streams. The most
stringent of the three proposed discharge locations is included in the table.

6. The acute selenium standard is based on the selenite/selenate fraction and was not calculated for this estimate. The chronic standard is used instead.
7. Ammonia: acute criterion is pH dependent; chronic criterion is temperature and pH dependent. Estimate based on pH 7.5 and temperature 14 C. Temperatures below 14C do not change the

criterion.

8. The criteria in the table are the applicable regulatory criteria. More stringent discharge criteria may be used by the Pebble Partnership.
9. Based on the lowest 15th percentile hardness of the three proposed discharge locations.
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The following inputs and assumptions were usad to develop the water guality model,

+  Complete mixing under steady state conditions (i.e., no reactions or degradation occurs) for all facilities
and flow streams except for the concentrations in the tailings slurry leaving the process plant and the
concentrations in the Bulk TSF and Pyritic TSF, as directad by SRK and described below:
o Solubility limits were applied to the Bulk TSF and Pyritic TSF in the WQ model as a load capping
mechanism, whereby loads in excess of constraining solubility concentrations were removed from
the available monthly stored loads in the facility and assumed to pracipitate out of the solution and
therefore no lenger be available as an oulgoing lead.
o Solubility limits were applied to aluminum, copper, iron, manganese, and sulphate concentrations
leaving the process plant and to concentrations in the Bulk TSF and Pyritic TSF. Solubility limits
were applied basad on the following:
= |f the calculated concentration leaving the process plant, or the concentrations in the TSF
supernatant pond, were greater than the solubility limits, then the solubility limits were applied,
otherwise, the concenirations were calculated based on the influent load and flow.

= For all other parameters, the cutflow concentrations were calculated based on the influent load
and flow.

+»  95th parcentile source terms were provided by SRK as paramaeter concentrations or loadings (SRK
2018). The source terms and source term assumptions are outlined in Table B1.1 and Table B1.2 in
Appendix B1.

e Nitrate, Nitrite and Ammonia concentrations for the source terms were calculated based on the following
equations:

o Nitrate (ion) = 4.43 « Nitrate concentration (mg/L. as N)

o Nitrite = .02 x Nitrate {ion) concentration (mg/L)}, and

o Ammonia = 0.01 x Nitrite concentration {mg/L).

¢ Total dissolved solids (TDS) values were calculated as the sum of alkalinity, chloride, fluoride, sulphate,
calcium, magnesium, potassium, sodium and silica.

e Total hardness values were calculated based on the following equation:

TH=25xCa+4.1xMg

¢« \Where, TH = total hardness concentration (mg/L. as CaCOs)

e (Ca = calcium concentration (mg/L)

e Mg = magnesium concentration {mg/L)}

e pH values were based on the range of pH indicated in the gecchemical source terms (SRK 2018).

e The model assumas that the loading from the PAG wasle rock in the Pyritic TSF is flushing term
(SRK 2018)

¢ The following source terms wers assumed for the Open Pit wall runoff:
o Winter months: pre-tertiary non-potential acid generating load, and
o Summer months: 1.75 Mi2 area of the Open Pit was assumead as in-pit stockpile load and the

remaining as pre-tertiary non-potential acid generating load.
+ The water quality predictions represent conditions during the final year of operations.
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e The culflow concentrations from the WTPs are defined in Table B1.3 in Appendix B1.

The maximum monthly predicted concantrations for the 50% percentile flow values — in combination with
the 951 percentile source term concentrations or leadings — for flows to the water treatment plants and in
each facility, for the final yvear of operations, are shown on Table B2.1 in Appendix B2.

The water quality feeding to the water treatment plants is defined by the OP WMP concentrations for WTP#1
and the Main WMP concentrations for WTP#2. The water quality predications for WTP#1 are dominated by
the loading from the Open Pit dewatering activities. The maximum predicted concentrations within the OP
WMP occur during the summer months because of the in-pit stockpile loads from the Open Pit.

The Main WMP is the main facility for managing the surplus water from the mine site, and the majority of
the loading to the Main WMP is a function of the loading from the Bulk TSF and the Pyritic TSF. The
maximum predicted concentrations in the Main WMP are, howevar, less than in the Bulk TSF and the Pyritic
TSF because of the continuous removal of loads from the Main WMP via the reclaim water that is directed
to the process and to WTFH2.

The bulk tailings slurry water from the process drives the loading within the Bulk TSF supernatant pond.
Similarly, the pyritic tailings slurry water from the process drives the majority of the icading in the Pyritic
TSF, with both the sludge reject and RO rejiect flows from the water treatment plants contributing to the
loading. The flushing load from the PAG waste rock into the Pyritic TSF provides loading to the Pyritic TSF
supernatant pond; however, the load from the PAG waste rock is not as great as that from the tailings slurry
waler.

The water treatment plants are being designed by others based on the flow rate results of the water halance
model and the water quality predictions from the WQ model. The proposed operations of the water
freatment plants and the estimated effluent water quality are not provided as part of this report, and will be
completed by others.
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The key points presented in this repert are summarized as follows:

¢ The mean annual temperature in the Project area is just below freezing, with freezing temperatures
generally persisting from October through April, and conditions are quite wet, with mean annual
precipitation varying threughout the project area but generally ranging from 45 in. toe 55 in.

+ Precipitation and runoff conditions in the Project area vary substantially throughout the yvear, and from
yaar to year. The Project area experiences extended periods of wet and dry conditions related to climate
cyclas,

¢ Groundwater plays a prominent role in the flow patterns of all the creeks and rivers in the Project area.

¢ The primary objectives of the waler management plan are:

o To minimize mine drainage water by diverting freshwater and stormwater as much as possible.

o To describe how water will be managed to assure integrity of impoundments in all conditions.

o To assure adequate water for operation of the Process Plant and associated support facilities.

o Totreat stormwaler for sediment {0 meet effluent limitations.

o Tocapture all mine drainage and process water and treat it in water treatment plants (o meat walser
quality standards in the receiving water body.

¢ Large water management ponds and variable water treatment rates will be used to ensure that the
water management objectives can be achieved under the full range of possible climate and runoff
conditions.

+ Al water management facilities will have provisions in place to handle IDF flows either through storage
or spiliways.

e Treated water in excess of process requirements will be released to the environmaent at three points
downstream of the mine footprint, one each in the NFK River, SFK River, and UT Creek watersheds.
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TABLE A1

PEBBLE LIMITED PARTNERSHIP
PEBBLE PROJECT

AVERAGE ANNUAL FLOW BALANCE
Print Jul/06/18 9:17:20

Average Annual Flow {cfs)
Relatively Dry Relatively Wet
Conditions Average Conditions Conditions
{Rsalization #36) {Realization #5} {Realization #10)

Flow Path Number and Description

Gpenpiel L
Open Pit Inflows|
1 Direct Precipitation 2 3 4
2 Undisturbed Surface Runoff <1 <1 1
3 Diversion Channel Leakage <1 1 2
4 Groundwater 6 6 6
5 Additional Snowblow 1 1 1
Subtotal Inflows 9 11 14
Open Pit Outflows
6 Dewatering to OP WMP 9 11 14
Subtotal Qutflows 9 11 14
Balance ({Inflows - Qutflows) 0 0 0
T L M W S
OP WMP Inflows
7 Direct Precipitation <1 <1 1
8 Undisturbed Surface Runoff <1 <1 1
6 Dewatering from Open Pit 9 1 14
Subtotal Inflows 9 11 15
OP WMP Outflows
9 Pand Evaparation <1 <1 <1
10 Dust Suppression <1 <1 <1
11 Surplus to Main WMP 0 1 5
12 Surplus to WTP#1 9 10 11
Subtotal Qutflows 9 11 16
Change in Storage 0 0 0
Balance {Inflows - Ouiflows - Change in Storage) 0 0 0
T e e e e
Process Inflows
13 Water in Ore 2 2 2
14 Treated Water 3 3 3
15 Reclaim Water from Main WMP 48 48 48
Subtotal Inflows| 53 53 53
Process Outflows
16 Water in Concentrate <1 <1 <1
17 Bulk Tailings Slurry Water 46 46 46
18 Pyritic Tailings Slurry Water 7 7 7
Subtotal Quiflows 53 53 583
Balance (Inflows - Cutflows) 0 0 0
T e e e e
Power Plant Inflows
19 [Treated Water for Cooling Towers 3 3 3
Subtotal Inflows| 3 3 3
Power Plant Qutflows
20 Cooling Tower Evaporation 2 2 2
21 Blowdown Water to Main WMP 1 1 1
Subtotal Qutflows 3 3 3
Balance {Inflows - Gutflows) 0 0 0
PG Talings ARy TPYHG R S R
Pyritic TSF Inflows
22 Direct Precipitation 2 4 7
23 Undisturbed Surface Runoff <1 1 2
24 Diversion Channel Leakage <1 <1 <1
25 Seepage Collection Recycle Ponds <1 <1 1
55+ 57 Reject Flows from WTPs <1 1 1
18 Pyritic Tailings Slurry Water 7 7 7
Subtotal Inflows| 9 13 18
Pyritic TSF Outflows
26 Pand Evaparation 1 1 1
27 Pyiitic Tailings Void Losses 2 2 2
28 PAG Waste Rack Void Losses 1 1 1
29 Surplus to Main WMP 5 8 8
Subtotal Quiflows 9 12 12
Change in Storage 0 1 5
Balance (Inflows - OQutflows - Change in Storage) ] 0 0
ORI e R BRI T D T
Bulk TSF Inflows
30 Direct Precipitation on Supernatnat Pond 1 2 6
31 Undisturbed Surface Runoff 2 5 10
32 Diversion Channel Leakage <1 <1 <1
33 Recycle from Seepage Collection Recycle Ponds 1 2 3
34 Bulk Tailings Beach Runoff 4 9 16
17 Bulk Tailings Slurry Water 46 46 46
Subtotal inflows| 54 64 a1
Bulk TSF Outflows
35 Pand Evaparation 1 1 1
36 Bulk Tailings Void Losses 17 17 17
37 Seepage through main embankment 9 9 9
38 Surplus to Main WMP 28 37 50
Subtotal Qutflows 55 64 77
Change in Storage -1 0 4
Balance (Inflows - Outflows - Change in Storage) 0 0 0
A-10f3
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TABLE A1 (co

ntinued)

PEBBLE LIMITED PARTNERSHIP
PEBBLE PROJECT

AVERAGE ANNUAL FLOW BALANCE

Print Jul/06/18 9:17:20

Average Annual Flow {cfs)

Flow Path Number and Description

Relatively Dry
Conditions

Realization #386)

Average
Conditions
Realization #5'

Relatively Wet
Conditions
Realization #10

Bul: TSEMaln Embankment Sadpade Collection Pond:(Butk TSE Main SCRY
Seepage Pond Inflows

39 Direct Precipitation <1 <1 1
40 Undisturbed Surface Runoff 1 3 5
41 Diversion Channel Leakage <1 <1 1
42 Bulk TSF Main Embankment Runoff 1 1 2
37 Seepage through main embankment 9 9 S
Subtotal Inflows 11 13 18
Seepage Pond Outfiows
43 Pand Evaparation <1 <1 <1
44 Surplus to Main WMP 11 13 14
Subtotal Qutflows 11 13 14
Change in Storage 0 0 4
Balance (Inflows - Qutflows - Change in Storage) 0 0 ]
Seepage Pond Inflows
45 Undisturbed Surface Runoff 1 1 2
46 Diversion Channel Leakage <1 <1 1
47 Bulk TSF South Embankment Runoff <1 <1 <1
Subtotal Inflows| 1 1 3
Seepage Pond Outfiows
33 Recycle to Bulk TSF 1 1 3
Subtotal Qutflows 1 1 3
Balance ({Inflows - Gutflows) 0 0 0

l
i

Main Water Management Pond (Main WMP)
Main WMP Inflows

48 Direct Precipitation 1 4 7
49 Undisturbed Surface Runoff 1 3 5
50 Diversion Channel Leakage <1 <1 1
51 Mill Site Runoff <1 1 1
52 Pyritic TSF Main Embankment Runoff <1 1 1
11 Surplus from OP WMP 0 1 5
28 Surpius from Pyritic TSF 5 8 8
38 Surplus from Bulk TSF 28 37 50
44 Surplus from Bulk TSF Main SCP 11 13 14
21 Blowdown Water 10 Main WMP 1 1 1
Subtotal inflows| 47 69 93
Main WMP Outflows
53 Pond Evaporation 1 1 1
15 Reclaim Water to Process 48 48 48
54 Water to WTP#2 17 25 28
Subtotal Qutflows 66 74 77
Change in Storage -18 -5 16
Balance (Inflows - Outflows - Change in Storage) 0 ] 0

|
@

Water Traatiment Plant #1:(WTP #1)
WTP#1 Inflows
12 Surplus from OP WMP 9 10 11

Subtotal Inflows| 9 10 11
WTP#1 Qutflows
55 Reject Flows <1 <1 <1
56 Flows Released to Environment 9 10 11
Subtotal Qutflows 9 10 11
Balance {Inflows -~ Outflows) 0 0 0
WVater Treatment PIant #2 (WIP 2 R
IWTP#2 Inflows
54 Surplus from Main WMP 17 25 28
Subtotal Inflows 17 25 28
W TP#2 Outflows
57 Reject Flows <1 <1 1
14 Treated Water to Process 3 3 3
19 Treated Water to Power Plant Cooling Towers 3 3 3
58 Flows Released to Environment 1" 19 21
Subtotal Qutflows 17 25 28
Balance {Inflows - Qutflows) ] 0 0
T e, s
59 Runoff from Quarry B 1 3 5
60 Runoif from Quarry C 1 1 3
61 Diversion Channel Flow 3 6 12
Total Diverted Flows to Downstream Environment| 5 10 20
Flows Released o Downstream Ervironmnere... . 0 o T
58 + 60 + 61 |[Total Diverted Flows to Downstream Environment 5 10 20
56 Treated Flows from WTP#1 9 10 11
58 Treated Flows from WTP#2 11 19 21
Total Flows Released to Downstream Environment| 25 38 52
KPLWA-PISVIIT00176\57 AlDatatWaler Management PlantArea £ and North Pond Optimization\[Water Balance

Schematic_WBMO011_byRealization.xlsx|Table_WaterBalanceResults

NOTES:

1. FLOW PATH NUMBER CORRESPONDS TC FLOW SCHEMATIC PRESENTED ON FIGURE A1,
2. CHANGE IS STORAGE WITHIN THE PONDS ARE A FUNCTION OF THE WATER MANAGEMENT OPERATING CRITERIA. A CHANGE IN STORAGE
INDICATES IF THE POND HAS ACCUMULATED OR DECREASED POND VOLUME FROM THE START OF THE YEAR.
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WKPLWA-Pr$\1\01\00176\57\A\Data\Water Management Plam\Area E and North Pond Optimization\[Water Balance Schematic_WBM011_byRealization]WBM_FlowSchematic Print 7/6/2018 9:23 AM

NOTES:

1. FLOW PATH NUMBERS CORRESPOND
WITH FLOW VALUES SUMMARIZED IN
TABLE A1

54

61
—> Diversion Channel —>|

39 43 49 57 I — Diversion Channel —

51 52 l —_ Diversion Channel —_>

1

61
17

{37 3035 31 32 34

22 26 23 24

|<— Diversion Channel <€—

| —>  Diversion Channel —> l

LEGEND:

3 FLOW PATH NUMBER
—®  RUNOFF, GROUNDWATER, AND SEEPAGE PATHWAY
e PUMPED FLOW

PEBBLE LIMITED PARTNERSHIP
PEBBLE PROJECT

WATER BALANCE FLOW SCHEMATIC - OPERATIONS
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) Knight Piésold

COMNMSISULTING

TABLE B1.1

THE PEBBLE PARTNERSHIP
PEBBLE PROJECT

WATER QUALITY SOURCE TERMS AND ASSUMPTIONS
95TH PERCENTILE GEOCHEMICAL SOURCE TERMS

7/6/2018 9:04
Background Qther Rock Open Pit Tailings Area E
Non- Non- N N - Rougher B
. Quarried Quarried . . - Fresh Qre Tailings - PAGWR is
Direct | Confact | Contact | Ground |\ o poct | waste Rock | Rock Fill | Rock Fill [Wall Runoff] "' iwan runofi] _ PPH In-Pit ) Bulk Tailings | | o oping + | ROUGher | Pond Tailings | 470, ot tacility
Prscipitation | Surface Surface Water Runoff Stockpile | Stockpile Water tailings . Sand
Water Water {Dams) {Dams) reagent Adjustment Wedge area
Parameters
Pre-Tertiary Pre- . .
(N|'(Q1F1§A) S:::OF Pit area Tertiary Tertiary Non-Acidic |Non-Acidic - N.or.1- Terti.aI-y - N.I;enr-tllfcri‘:d;c Non-Acidic ;:;;; Supernatant Runoff i::::::f: Pond Seepage Total Load
Acidic Acidic
mg/L mgiL mg/L mg/L mg/L mgl:;):knew mgiL nr:ve/:ootfk mg/L mgiL mg/l mg/L nr:v%/:::fk mg/L mgit of ore mglr:kZ/we mgiL mgiL mg/l kglyear
pH 55 6.5 6.8 6.7 7.7 - 84 - 8.1 35 8.2 8.0 - 8.0 - - 6.7 8.0 8.6 -
TDS - 315 42.6 44.4 2158.0 - 3600.3 - 286.0 453.0 241.0 4473.2 - 198.0 - 378.3 444 - 4136.6 1285207 1
Alkalinity - 14.6 18.0 33.0 264 - 490.0 - 49.3 - 69.0 800.0 - 974 217086.5 216.3 330 - 770.0 23403.9
Acidity - 25 3.8 75 58 - - - 71 305.6 0.5 24.9 - - - - 75 - 75 27760.7
(Chloride - 0.622 0.711 0.804 23.000 - 8.300 - 2.242 6.935 2.260 23.000 - 17.000 2068.840 1.684 0.804 - 9.300 6042.718
Fluoride - 0.032 0.040 0.072 0.863 - 0.870 - 0.316 0.447 0.112 1.800 - 0.480 - 0.547 0.072 - 0.800 1931.820
Sulfate - 1.2 7.8 4.9 1456.2 - 2350.1 - 87.5 276.8 29.2 2350.1 - 199.9 921809.6 66.6 4.9 2350.1 23501 795940.3
Aluminum - 0.0363 0.0544 0.0034 0.0487 - 1.3000 - 0.0011 22.9945 0.0015 2.6000 - 0.0109 478.2510 0.3845 0.0034 0.00C6 2.5000 980.5286
Antimony - 0.0001 0.0001 0.0000 0.2000 - 0.1500 - 0.0022 0.0010 0.0183 0.2000 - 0.0025 2.3607 0.0208 0.0000 - 0.2000 76.2858
Arsenic - 0.0002 0.0004 0.0004 0.1898 - 0.1900 - 0.0196 0.0341 0.0430 0.4000 - 0.0020 3.3020 0.0961 0.0004 - 0.2600 66.5914
Barium - 0.0025 0.0049 0.0084 6.1823 - 0.1000 - 0.1391 0.0600 1.0025 0.3600 - 0.0226 41.5838 0.0427 0.0064 - 0.1500 374.7911
Berylium - 0.00001 0.00001 0.00002 0.00500 - 0.00500 - 0.00002 0.00852 0.00005 0.00500 - 0.00020 33.22308 0.00064 0.00002 - 0.00500 2.41709
Bismuth - 0.00013 0.00010 0.00002 0.10811 - 0.10000 - 0.00005 0.00005 0.00005 0.20000 - 0.00050 3.06842 0.0016C | 0.00002 - 0.10000 6.04272
Boron - 0.00158 0.00153 0.00150 0.73000 - 0.50000 - 0.07779 0.15068 0.18222 0.73000 - 0.02200 175.52728 0.03202 | 0.00150 - 0.52000 209.65366
Cadmium - 0.00001 0.00001 0.00002 0.01087 - 0.00550 - 0.00202 0.02638 0.00023 0.22000 - 0.00006 13.57445 0.00017 | 0.00002 - 0.01000 7.16786
ICalcium - 39 6.1 13.8 538.1 - 760.0 - 304 9.9 253 940.0 - 66.2 153076.1 716 13.8 - 770.0 2881384
(Chromium - 0.0002 0.0003 0.0005 0.0200 - 0.0200 - 0.0008 0.0017 0.0011 0.0200 - 0.0005 3.0684 0.0016 0.0005 - 0.0200 6.1232
ICobalt - 0.0001 0.0001 0.0001 0.0218 - 0.0490 - 0.0204 0.2515 0.0006 0.8800 - 0.0006 31.4835 0.0003 0.0001 - 0.0500 55.0902
ICopper - 0.0004 0.0021 0.0004 0.0248 - 0.1600 - 0.0064 6.3730 0.0041 1.3000 - 0.0102 29924.1742 0.0174 0.0004 0.0100 0.3700 1395.2035
Ilron - 0.1500 0.5480 0.0200 0.0021 - 1.7000 - 0.0020 38.5700 0.0020 16.0000 - 0.0300 10692.5014 0.1011 0.0200 0.0020 1.8000 366.3925
Lead - 0.0002 0.0003 0.0001 0.0120 - 0.0500 - 0.0001 0.0081 0.0005 0.0620 - 0.0001 20.5394 0.0002 0.0001 - 0.0500 3.4251
Magnesium - 0.7340 1.4800 1.0700 48.8700 - 99.0000 - 10.0300 1.9050 2.5080 120.0000 - 15.6000 845824968 | 18.1849 1.0700 - 99.0000 92003.8556
Manganese - 0.00899 0.0493 0.441 1.492907048 - 24 - 1.94842138 1 13.205 |0.14084546 6.2 - 0.56 18431.34201]0.2133745 | 0.441 2.000 23 5251.365439
Mercury - 0.000001 | 0.000001 | 0.000001 0.002170 - 0.000500 - 0.000004 | 0.000011 | 0.000003 0.006200 - 0.000010 0.101264 0.000036 | 0.000001 - 0.000500 0.135523
Molybednum - 0.000158 | 0.000509 | 0.000256 0.445513 - 9.800000 - 0.051323 | 0.008362 | 0.150278 7.800000 - 0.038300 7.454516 0.068144 | 0.000256 - 12.000000 | 138.326226
Nickel - 0.000220 | 0.000354 | 0.000647 0.108241 - 0.050000 - 0.013449 | 0.185004 | 0.002342 0.320000 - 0.002120 91.866767 | 0.001939 | 0.000847 - 0.050000 36.247710
Potassium - 0.206 0.373 0.342 50.000 3282.126 36.000 2597 446 4.692 0.000 4.700 - 2597 446 31.300 34793.186 21.037 0.342 - 36.000 19793.459
ISelenium - 0.000140 | 0.000413 | 0.001090 0.217050 - 0.055000 - 0.015695 | 0.125842 | 0.016380 0.048000 - 0.006000 19.801217 | 0.003438 | 0.001080 - 0.055000 42.301751
Silver - 0.000005 | 0.000004 | 0.000006 0.002210 - 0.010000 - 0.000030 | 0.000092 | 0.000042 0.010000 - 0.000017 0.068625 0.000032 | 0.000006 - 0.010000 0.144415
ISodium - 2.03 240 247 487.38 45271.20 110.00 3978.85 8.70 0.01 9.75 - 3978.95 28.40 104093.88 6.89 247 - 130.00 30321.02
Thallium - 0.00001 0.00001 0.00001 0.00100 - 0.00049 - 0.00080 0.00216 0.00046 0.00100 - 0.00007 0.62473 0.00017 | 0.00001 - 0.00050 1.07323
Silicon - 5.43000 4.02000 5.88000 32.64000 - 31.00000 - - - - 47.00000 - 2.80000 3520.68974 - 5.88000 - 32.00000 -

Tin - 0.00006 0.00006 0.00010 0.02286 - 0.19000 - 0.00017 0.00016 0.00020 0.03000 - 0.00010 0.61368 0.00034 | 0.00010 - 0.20000 32.19700
‘anadium - 0.00033 0.00035 0.00055 0.03000 - 0.03000 - 0.00081 0.00151 0.01000 0.03000 - 0.00050 3.46735 0.01000 | 0.00055 - 0.03000 7.62389
IZinc - 0.00167 0.00317 0.00150 0.24258 - 0.97000 - 0.36342 2.03400 0.00780 8.80000 - 0.00290 1828.50054 | 0.00458 | 0.00150 - 1.80000 1267 43960
Nitrate_ N - - - - - - - 4672.5 - - - - 383.4 - - - - - - -
Nitrate - - - - - - - 20684.2 - - - - 1723.7 - - - - - - -
Nitrite - - - - - - - 413.7 - - - - 345 - - - - - - -
Ammonia - - - - - - - 467.2 - - - - 38.9 - - - - - - -

MANON00 17616 \AReportd - Water i D OtAppendix B - Water Quality Modet inputs and Resuls\{Appendix B1.xisxjTable 1_WQ_Source_Terms
NOTES:

1. SOURCE TERM VALUES WERE PROVIDED BY SRK (DATED 20 JUNE. 2018)
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WATER QUALITY SOURCE TERMS AND ASSUMPTIONS

TABLE B1.2

THE PEBBLE PARTNERSHIP
PEBBLE PROJECT

SOURCE TERM ASSUMPTIONS

7/6/2015 8.08
Flow Path I Description I Assigned Water Quality [ Ratios | Source
Open Pit
fand 5 Direct Precipitation and Additional Snowblow Wall Runoﬁ(Pre-‘Terﬁaw—I\lan-Acidic).dgring winter months, In pit Sto.ckpi!e {Non-Acidic) during . PLP- June 28, 2018
summer months (1.75 Mft* ) and remaining area Pre-Tertiary-Non-Acidic
2 Undisturbed Surface Runoff Non-Contact Surface Water (SFK SK100F) 100% |SRK - June 20, 2018
3 Diversion Channel Leakage Non-Contact Surface Water (SFK SK100F) 100% {SRK - June 20, 2018
4 Groundwater Groundwater (Pit area) 100% {SRK - Jurie 20, 2018
Open Pit Water Management Pond
7 Direct Precipitation Direct Precipitation T00% JSRK - June 20, 2018
9 Evaporation None 100% |-
8 Undisturbed Surface Runoff Non-Contact Surface Water (SFK SK100F) 100% {SRK - June 20, 2018
10 Dust Suppressior Coricentration in the Open Pit Water Management Pond 100% |GoldSim Model Calculation
6 Dewatering from Open Pit Concentration in the Open Pit 100% |{GoldSim Model Calculation
Water Treatment Plant #1 (WTP#1)
12 rSurpIus to WTP#1 {Concertration in the Open Water Management Pond | 100% |GoldSim Model Calculation
55 {Reject Flows {WTP#1 - Siudge and Reject Concentrations | 100% [HDR - January 4,2018
Mill Site
14 Treated Water Cutflow Concentration from WTP 100% [HDR - January 4,2018
13 \Water in Ore Ore (Entrained Moisture) 100% [SRK - June 20, 2018
16 Water in Concentrate Combined Concentrations after applying Tailings Pond Adjustment (Pond) 100% {SRK - June 20, 2018
15 Reclaim Water from Main WMP Concentration in the Main Water Management Pond 100% {GoldSim Model Calculation
Bulk Tailings Management Facility (Bulk TSF)
30 Direct Precipitation on Supernatant Pond Direct Precipitation T00% JSRK - June 20, 2018
35 Evaporation None 100% |-
31 Undisturbed Surface Runoff Nen-Contact Surface Water (NFK (NK119A)) 100% {SRK - June 20, 2018
32 Diversion Channel Leakage Non-Contact Surface Water (NFK {(NK119A)) 100% {SRK - June 20, 2018
17 Bulk Tailings Slurry Water Calculated Concentrations in the Mill after applying Tailings Pond Adjustment (Pond) 100% {GoldSim Model Calculation
36 Bulk Tailings Void Losses Calculated Concentrations in the Mill after applying Tailings Pond Adjustment (Pond) 100% {GoldSim Model Calculation
34 Bulk Tailings Beach Runoff Rougher Tailings (Runoff) 100% {SRK - June 20, 2018
33 Recycle from Seepage Collection Pond Recycle Concentration in the Seepage Collection Pond 100% |GoldSim Model Calculation
Bulk TSF South Embankment Seepage Collection Pond
45 Undisturbed Runoff Non-Contact Surface Water (NFK (NK119A) T00% |SRK - June 20, 2018
46 Diversion Channel Leakage Non-Contact Surface Water (NFK (NK119A)) 100% {SRK - Jurie 20, 2018
5 Seepage Concentration in the Bulk TSF 100% |GeldSim Model Caleulation
47 Bulk TSF South Embankment Runoff CQuarried Rock Fill (Dams) (Non-Acidic) 100% {SRK - June 20, 2018
Bulk TSF Main Embankment Seepage Collection Pond (Bulk TSF Main SCP)
39 Direct Precipitation Direct Precipitation T00% JSRK - June 20, 2018
2 Evaporation None 100% |-
40 Undisturbed Surface Runoff Non-Contact Surface Water (NFK (NK119A)) 100% {SRK - Jurie 20, 2018
i Diversion Channel Leakage Non-Contact Surface Water (NFK (NK119A)) 100% [SRK - June 20, 2018
37 Seepage through main Embankment Rougher Tailings Sand Wedge (Seepage) 100% {SRK - June 20, 2018
42 Bulk TSF Main Embankment Runcff Quarried Rock Fill (Dams) {Non-Acidic) 100% {SRK - June 20, 2018
Pyritic Tailings and PAG Waste Rock Management Facility (Pyritic TSF)
22 Direct Precipitation Direct Precipitation T00% JSRK - June 20, 2018
26 Evaporation None 100%
23 Undisturbed Surface Runoff Non-Contact Surface Water (NFK (NK119A)) 100% [SRK - June 20, 2018
24 Diversion Channel Leakage Non-Contact Surface Water (NFK (NK119A) 100% {SRK - June 20, 2018
18 Pyritic Tailings Siurry Water E}alculatec‘ Cancentrgtions after applying Tailings Pond Adjustment (Pond) to the Pyritic Slurry 100% |GoldSim Model Calculation
and WTP Sludge/Rejects
PAG Waste Rock PAG WR 17% of Facility Area 100% {SRK - June 20, 2018
55+57 Reject Flows from WTP's PWTP's - Sludge and Reject Concentrations 100% |HDR - January 4,2018
27 Pyritic Tailings Void Losses Cal_c_ulatec‘ Concentrations_ i the Mill after applying Tailings Pond Adjustment (Pond) to the 100% |GoldSim Model Caloulation
Pyritic Slurry and WTP Rejects
28 PAG Waste Rock Voids Cal_c_ulatec‘ Concentrations_ in the Mill after applying Tailings Pond Adjustment {Pond) to the 100% |GoldSim Model Calculation
Pyritic Slurry and WTP Rejects
Main Water Management Pond (Main WMP)
48 Direct Precipitation Direct Precipitation T00% |SRK - June 20, 2018
53 Evaporation None 100% |-
49 Undisturbed Surface Runoff Non-Contact Surface Water (NFK (NK119A)) 100% {SRK - June 20, 2018
50 Diversion Channel Leakage Non-Contact Surface Water (NFK (NK119A)) 100% {SRK - June 20, 2018
38 Surplus from Bulk TSF Concentration in Bulk TSF 100% |GeldSim Model Caleulation
29 Surplus from Pyritic TSF Concentration in Pyritic TSF 100% |{GoldSim Model Calculation
44 Surplus Water from Bulk TSF Main SCP Concentration in the Main Embankment Seepage Collection Pond 100% |{GoldSim Model Caleulation
21 Blow Down Water to Main WMP QOutflow Concentration from WTP#2 100% {HDR - January 4,2018
51 Mill Site Runoff Quarried Rock Fill {(Dams) (Non Acidic) 100% {SRK - June 20, 2018
52 Pyrnitic TSF Main Embankment Runoff Quarried Rock Fill {(Dams) (Non-Acidic) 100% |{SRK - June 20, 2018
11 Surplus from OP WMP Concentration in the Open Pit Water Management Ponid 100% |{GoldSim Model Caiculation
Power Plant
20 {Evaporation {None | 100% |-
19 {Cooling Tower Evaporation {Outfiow Concentration from WTP#2 { 100% [HDR - January 4,2018
Water Treatment Plant # 2 (WTP#2)
54 Eurplus Water from Main WMP {Concentration in the Main Water Management Pond | 100% |GoldSim Model Caiculation
55 IReject Flows [WTP#2 - Sludge and Reject Concentrations { 100% |HDR - January 4,2018
To Environment
58 and 56 Treated Water to Environment Outflow Concentration from WTP#1 and WTP#2 100% {HDR - Jaruary 4,2018
61 Diversion Channel to Environment Non-Contact Surface Water (NFK {(NK119A)/SFK (SK100F)) 100% {SRK - June 20, 2018
59+60 Quarry Diversions to Environment Quarried Rock Fill (Dams) {(Non Acidic) 100% {SRK - June 20, 2018

MATON00176\57 W Reportd - Water Management Report\Rev O\Appendix B - W

NOTES:

ater Quality Model Inputs and Results\{Appendix B1.xisx]Table 2_WQ_Source_Term_Assump

1. FLOW PATH NUMBERING AND DESCRIPTION WERE BASED ON THE FIGURE A.1 AND TABLE A1
2. WATER QUALITY WAS BASED ON 95" PERCENTILE SOURCE TERMS PROVIDED BY SRK {2018),
3. MODEL ASSUMES RETURN OF SLUDGE, REJECT AND OUTFLOW GONCENTRATIONS WERE PROVIDED BY HDR (2018a)

ED WITH REPORT VATOT176/67-4. | S S|
DESCRIPTION {PREPD | RVWTD |
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LOMBSULTING

TABLE B1.3

THE PEBBLE PARTNERSHIP
PEBBLE PROJECT

WATER QUALITY SOURCE TERMS AND ASSUMPTIONS
OUTFLOW CONCENTRATIONS FROM THE WATER TREATMENT PLANT

Parameters Units WTP OQOutflows
pH - 7
TDS mg/l 467
Alkalinity mg/i 21
Acidity mg/i 0
Chloride mg/ 4.8
Fluoride mg/l 0.4
Sulfate mg/l 151
Aluminum mg/ 0.0083
Antimony mg/i 0.0034
Arsenic mg/i 0.0042
Barium mg/ 0.058
(Berylium mg/l 0.0012
([Bismuth mg/! 0.000007
([Boron mg/l 5.3
(lCadmium mg/l 0.000049
(lcalcium mg/! 457
([Chromium mg/l 0.0002
([Cobalt mg/l 0.0038
([Copper ma/l 1.2E-13
(liron mg/l 0.000045
(Lead mg/l 0.000024
(Magnesium mg/! 5
(Manganese mg/l 0.0016
(Mercury mg/l 0.0000061
(Molybednum mg/! 0.005
INickei mg/l 0.0001
Potassium mg/i 29.4
Selenium mg/i 0.005
Silver mg/ 1.9E-10
Sodium mg/i 183
Thallium mg/l 0.0000045
Silicon mg/ 221
Tin mg/l 0.000015
Vanadium mg/i 0.0048
Zinc mg/ 0.00032
Nitrate_ N mg/i 7.3
(INitrate mg/! 1
(INitrite mg/l 0.01
lAmmonia ma/l 1.1

MANG1\00176\57\A\Report\d - Water Management ReportiRev 0\Appendix B - Water Quality Model Inputs and Results\[Appendix
B1.xlsx[Table 3_WTP_Effluent

NOTES:
1. SOURCE HDR 2017.
2. VALUES BASED ON 95TH PERCENTILE SOURCE TERMS AND 50TH PERCENTILE FLOWS.

0 05'JULY 18 JISSUED WITH REPORT VA101-00176/57- KT AS
REV DATE DESCRIPTION PREP'D | RVvW'D
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TABLE B2.1

THE PEBBLE PARTNERSHIP
PEBBLE PROJECT

WATER QUALITY RESULTS FOR OPERATIONS - END OF MINE LIFE
BASE CASE - 50TH PERCENTILE

Print: Jul/06/18 09:14:08

Open Pit Water Emb':\‘:;(r:nent Main Water
WTP#1 Inflows | WTP#2 Inflows | Management Bulk TSF Seepage Pyritic TSF Management
Parameters Units Pond Collection Pond Pond
Maximum Maximum Maximum Maximum Maximum Maximum Maximum
Monthly Monthly Monthly Monthly Monthly Monthly Monthly
pH - 7108 7108 7108 7108 7108 7108 7108
TDS mg/! 267 1,677 267 2,493 3,940 2,933 1,677
IAlkalinity mg/l 56 252 56 395 746 234 252
IAcidity mg/! 7.42 2.53 742 249 7.11 6.09 2.53
Chloride mg/l 1.98 9.56 1.98 19.79 8.86 12.02 9.56
Fluoride mg/! 0.21 0.35 0.21 0.49 0.86 0.65 0.35
Sulfate mg/l 109 973 109 1,415 2,250 1,873 973
IAluminum mg/! 0.0947 0.2514 0.0947 0.0006 2.4350 0.0006 0.2514
IAntimony mg/l 0.007 0.036 0.007 0.026 0.193 0.061 0.036
Arsenic mg/! 0.020 0.047 0.020 0.035 0.252 0.073 0.047
Barium mg/l 0.070 0.058 0.070 0.080 0.145 0.127 0.058
Berylium mg/! 0.0002 0.0197 0.0002 0.0455 0.0048 0.0250 0.0197
Bismuth mg/l 0.006 0.019 0.006 0.012 0.096 0.036 0.019
Boron mg/! 0.05 0.18 0.05 0.26 0.50 0.25 0.18
Cadmium mg/l 0.0073 0.0099 0.0073 0.0186 0.0097 0.0206 0.0099
Calcium mg/! 45 228 45 275 737 399 228
Chromium mg/l 0.001 0.005 0.001 0.005 0.019 0.006 0.005
Cobalt mg/! 0.034 0.029 0.034 0.044 0.048 0.074 0.029
Copper mg/l 0.042 0.042 0.042 0.010 0.362 0.010 0.042
Iron mg/! 0.646 0.212 0.646 0.002 1.707 0.002 0.212
Lead mg/l 0.002 0.018 0.002 0.028 0.048 0.022 0.018
"Magnesium mg/l 8 69 8 131 94.7 95 69
P\/Ianganese mg/l 1.08 1.30 1.08 2.00 2.80 2.00 1.30
Mercury mg/! 0.00019 0.00015 0.00019 0.00015 0.00048 0.00041 0.00015
Molybednum mg/! 0.3 2.1 0.3 1.8 11.6 2.1 2.1
Nickel mg/! 0.015 0.061 0.015 0.127 0.048 0.090 0.061
Potassium mg/l 16 45 16 79 17 125 45
Selenium mg/! 0.008 0.022 0.008 0.033 0.053 0.032 0.022
Silver mg/l 0.000 0.002 0.000 0.001 0.010 0.002 0.002
Sodium mg/! 26 92 26 170 65 176 92
Thallium mg/l 0.00036 0.00047 0.00036 0.00092 0.00048 0.00076 0.00047
Silicon mg/! 5 9 5 8 21 18 9
Tin mg/l 0.001 0.037 0.001 0.031 0.192 0.042 0.037
[Vanadium mg/! 0.001 0.009 0.001 0.005 0.029 0.032 0.009
Zinc mg/l 0.41 1.30 0.41 249 1.86 1.97 1.30
Nitrate N mg/! 2.2 24 2.2 2.7 4.9 25 2.4
Nitrate (ion) mg/l 10 9 10 9 22 8 9
Nitrite mg/! 0.19 0.19 0.19 0.18 0.43 0.15 0.19
Ammonia mg/l 0.2 04 0.2 0.4 0.5 1.3 0.4
Hardness as CaCOs; mg/l 146 852 146 1,226 2,230 1,388 852
Fews = es s e s e a

MATON00176\57\A\Report\d - Water Management Report\Rev O\Appendix B - Water Quality Model Inputs and Results\[Appendix B2.xisx]Table1_Preliminary WQ

NOTES:
1. MODEL INPUT CONCENTRATIONS PROVIDED BY SRK CONSULTING (DATED 20 JUNE. 2018).
2. TAILINGS POND ADJUSTMENT VALUES WERE APPLIED FOR Al, SO4, Fe, Cuand Mn IN THE BULK TSF AND PYRITIC TSF.
3. TDS VALUES WERE CALCULATED BY SUMMING ALKALINITY, CI, F, SO, Ca, Mg, K, Na AND Si.
4. MODEL ASSUMES RETURN OF SLUDGE AND REJECT FLOWS FROM WTP#1 AND WTP#2 TO THE PYRITIC TSF VIA THE PYRITIC TAILINGS LINE.
5. WTP EFFLUENT, SLUDGE AND REJECT CONCENTRATIONS WERE PROVIDED BY HDR (DATED 4 JANUARY. 2018).
6. HARDNESS VALUES WERE CALCULATED BASED ON THE EQUATION
HARDNESS {CaCO;) = CALCIUM CONCENTRATION (mg/L)*2.497+MAGNESSIUM CONCENTRATION (mg/L)*4.118
7. THE PERCENTILE RESULTS BASED ON 76 REALIZATIONS OF MODEL SIMULATIONS.
8. MODEL ASSUMES THE LOADING FROM THE PAG WASTE ROCK IN THE PYRITIC TSF AS A FLUSHING TERM PROVIDED BY SRK CONSULTING (DATED 20 JUNE. 2018).
9. MODEL ASSUMES ADDITIONAL LOADING FROM INPIT STOCKIPLE IN THE OPEN PIT DURING THE SUMMER MONTHS.
10. pH WAS NOT MODELLED AND pH VALUES ARE BASED ON THE RANGE OF pH SOURCE TERMS PROVIDED BY SRK (DATED 20 JUNE. 2018).
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